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PREFACE  TO  SECOND  EDITION 


The  increase  in  live  loads  due  to  the  exteniive  use  of  heavy  motor  trucks,  tractors  and  traction 
engines,  and  the  increased  use  of  reinforced  concrete  in  building  highway  bridges  have  made  it 
necessary  to  rewrite  this  book.  The  scope  of  the  work  has  been  extended  so  that  the  book  now 
covers  the  design  of  concrete  and  timber  h^hway  bridges  as  well  as  steel  h^hway  bridges.  The 
design  of  both  the  superstructure  and  the  substructure  of  highway  bridges  is  discussed  in  detail. 
The  diBcussi<»  covers  all  the  details  of  constructing  highway  bridges,  including  the  calculation  of 
the  stresses,  the  deugn,  the  estimate,  the  contract  and  the  erection  and  construction. 

The  same  siieof  type  page  and  size  of  type  aa  are  used  in  the  author's  "Structural  Engineers' 
Handbook"  are  used  in  this  book. 

The  book  is  divided  into  four  parts  and  in  addition  baa  three  appendices. 

Part  I  coveri  the  calculation  o(  the  stresaea  in  bridge  trusses  and  in  bridge  portals  and  other 
details.  Both  algebrak  and  graphic  methods  of  calculating  stresses  in  bridge  trusses  are  described 
in  detail.  Stresses  are  calculated  in  bridge  trusses  for  both  equal  joint  kiads  and  for  wheel  con- 
centrations. Chapter  VII  coutams  the  solutions  of  27  problems  in  the  calculation  of  stresses  in 
bridge  trusses.  Influence  diagrams  are  developed  for  girdera  and  trusses  in  this  chapter.  Part  I 
'  covers  the  first  courae  in  the  calculation  of  stresses  in  bridges  given  in  the  author's  classes. 

F^rt  II  covers  the  design  of  steel  and  timber  highway  bridges.  The  design  oi  steel  highway 
','S  bridges  is  divided  into  beam  bridges,  low  truss  bridges,  plate  girder  bridges  and  high  truss  bridges. 
.^  The  design  of  bridge  floors  is  considered  in  detail,  and  data  are  given  for  tbe  design  of  steel  high- 
way bridges.  Tbe  chapter  on  timber  bridges  includes  timber  trestles  as  well  as  timber  truss 
t\       bridges.    The  des^  of  a  beam  bridge,  a  plate  girder  bridge,  a  low  truss  bridge  and  a  high  truss 

V  tmdge  are  worked  out  in  detail. 

Part  III  cavers  the  design  of  rrinforced  concrete  highway  bridges  and  foundations.  The 
^  formulas  for  calculating  the  stresses  in  reinforced  concrete  structures  are  developed.  The  dif- 
ferent types  of  reinforced  concrete  beam,  girder,  arch  and  reinforced  concrete  trestle  bridges 
^  are  discussed,  and  working  plans  are  given  for  all  types.  Des^s  of  the  different  types  of  bridge 
.  are  worked  out  in  detail.  Algebraic  and  graphic  solutions  are  given  for  the  elastic  arch.  An 
..  influence  diagram  solution  is  also  given  for  the  elastic  arch.  Abutments  and  piers  for  steel  and 
■.        concrete  tmdges  are  discussed  and  many  examples  of  structures  are  given.    The  different  types 

V  of  culverts  are  described  in  detail  with  examples  of  plans.     The  overflow  ttfidge,  which  has  been 
1^         developed  to  meet  a  special  need  in  localities  subject  to  excessive  flood  flow,  is  described  and  exam- 
ples are  given. 

Part  IV  covers  the  details  of  bridge  dedgn,  bridge  contracting,  estimates  and  costs,  and  bridge 
erection  and  construction.  The  discussion  in  Part  IV  together  with  Appendix  I,  "General  Speci- 
Gcatiotts  for  Steel  Highway  Bridges,"  and  Appendix  II,  "General  Specifications  for  Concrete 
Bridges  and  Foundations,"  covers  m  detail  the  design  and  erection  of  steel  and  concrete  h^hway 
bridges.  Structural  tables  of  especial  value  in  the  design  of  steel  highway  bridges  are  given  in 
Appendix  III. 
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vi  PREFACE 

llie  very  rapid  advance  in  the  deuga  of  highway  bridges  is  mainly  due  to  the  excellent  work 
done  by  the  various  state  highway  commissions,  and  more  recently  the  work  d.ne  by  the  U.  S. 
Bureau  at  Public  Roads.  The  author  wishes  to  express  his  appreciation  for  the  uniform  courtesy 
of  the  various  commissions  and  bureaus  in  furnishing  plans  and  specifications.  The  author  is  under 
especial  obligations  to  Mr.  Clifford  Older,  bridge  engineer  of  the  lllinoiB  Highway  Commission; 
Mr,  M.  W.  Torkelson,  bridge  engineer  of  the  Wisconsin  Highway  Commisuon;  Mr.  J.  H.  Ames, 
and  Mr.  E.  F.  Kelly,  bridge  engineers  of  the  Iowa  Highway  CommisMon;  and  Mr.  C.  V.  Dewart, 
bridge  engineer  of  the  Michigan  State  Highway  Department,  for  furnishing  plans,  specifications 
and  data,  without  which  this  book  could  not  have  been  written.  The  writer  also  wishes  to  thank 
the  U.  S.  Bureau  of  Public  Roads  for  furnishing  the  blue  prints  of  their  standard  plans,  which 
are  reproduced  in  this  book. 

Credit  is  due  Professor  W.  C.  Huntington,  University  of  Colorado,  for  assistance  in  pre- 
paring drawings  and  making  calculations,  to  Professor  R.  S.  Wallis,  Missouri  School  of  Mines, 
for  assistance  in  preparing  drawings;  to  H.  C.  Ford,  for  assistance  in  preparing  drawings,  and  to 
C.  L.  Eckel,  Assistant  Professor  of  Civil  Engineering  in  the  University  of  Pennsylvania,  for  assis- 
tance in  making  calculations,  preparing  drawings  and  reading  proof. 

MiLo  S.  KETcatni 

UnIVEBSITV    op    PENNSYI-VANIA, 

Philadblfhia,  Pa. 
June  5,  1930. 
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DESIGN  OF  HIGHWAY  BRIDGES  OF 
STEEL,  TIMBER  AND  CONCRETE 


LUroductJon. — Highway  bridges  are  built  (i)  of  steel;  (a)  of  steel  or  iron  and  timber;  (3)  of 
timber;  (4)  of  stooe  or  concrete  masonry,  and  (5)  of  reinforced  concrete. 

Steel  Biidges. — Steel  bridges  may  for  convenience  be  divided  into  (a)  beam  bridgies;  (b)  plate 
girder  bridges;  (c)  low  truss  bridges,  and  (d)  high  truss  bridges.  Truss  bridges  are  made  with 
pin-connected  joints,  " pin-conn^^lcd,"  or  with  riveted  joints,  "riveted." 

Combination  Bridges. — Combination  bridges  have  timber  upper  chords,  poets  and  struts, 
and  steel  or  iron  tension  members.  Combination  bridges  are  commonly  made  with  the  Pratt 
type  of  truss,  and  may  have  parallel  or  inclined  chords.  Combination  bridges  are  used  only 
where  timber  is  cheap,  and  steel  and  iron  are  relatively  expensive. 

Timber  Bridges. — Timber  is  used  for  trestles  and  truss  bridges,  and  occasionally  for  culverts. 
The  Howe  truss  is  usually  made  with  timber  upper  and  lower  chords  and  diagonal  struts,  the 
vertical  ties  being  steel  or  iron  rods.  Timber  bridges  are  used  lor  temporary  structures  and  for 
locations  where  timber  is  available  and  transportation  of  materials  for  more  permanent  structures 
is  difficult  or  very  expennve. 

Mmbobij  Bridges. — Arch  bridges  were  formeriy  made  of  atone  masonry  or  plain  concrete. 
Masonry  bridges,  when  properly  designed  and  constructed,  are  permanent  structures. 

Rrinforced  Concrete  Bridges. — Reinforced  concrete  is  now  quite  generally  used  for  highway 
bridges,  trestles,  arches  and  culverts.  Reinforced  concrete  structures  can  be  built  in  locations 
where  it  would  not  be  possible  to  build  ordinary  masonry  arches,  and  can  usually  be  built  for  less 
money.  Rfinforced  concrete  structures  require  great  care  in  construction,  and  when  so  con- 
structed are  permanent. 

The  calculation  of  stresses  in  steel  bridges  is  considered  in  Part  I.  While  the  discussion  ia 
concerned  primarily  with  highway  bridges,  the  calculation  of  stresses  due  to  wheel  concentrations 
is  briefly  considered. 

The  solutions  of  37  problems  in  the  calculation  of  stresses  in  bridge  trusses  are  given. 

"Die  deugn  of  steel  and  timber  highway  bridges  is  considered  in  Part  II.  The  discusdon  of 
types  of  structures,  widths  of  roadway,  types  of  floor  covering  and  live  loads  given  in  Part  II, 
applies  to  reinforced  concrete  bridges  as  well  as  to  steel  and  timber  bridges.  Designs  of  steel 
bridges  of  the  different  types  are  worked  out  in  detail,  and  many  plans  of  actual  structures  are 
given.     Specifications  are  given  for  the  deugn  and  construction  of  timber  bridges  and  trestles. 

The  design  of  reinforced  concrete  bridges  and  foundations  is  considered  in  Part  III.  The 
discussion  includes  a  brief  resume  of  the  theory  of  reinforced  concrete  design.  The  stresses  in 
the  elastic  arch  are  calculated  fay  algebraic  and  graphic  methods,  and  by  influence  diagrams. 
The  deugn  of  abutments  and  piers  and  retaining  walls  are  considered.  Designs  of  concrete 
bridges  of  the  different  types  are  worked  out  in  detail,  and  many  plans  of  actual  structures  are 
given. 
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DESIGN  OF  HIGHWAY  BRIDGES  OF  STEEL,  TIMBER  AND  CONCRETE. 


The  prindples  o(  locatiOD  anifdeaign,  the  eatimate  o(  coat,  and  the  erection  and  construction 
of  highway  bridge*  are  ctnaidered  in  Part  IV. 

Specifications  for  the  design  of  steel  higliway  bridges  arc  given  in  Appendix  I. 

5peci6cations  for  the  design  of  concrete  highway  bridges  and  foundatioos  are  given  in  Appen- 
dix II. 

TaUes  for  tlie  design  of  highway  bridges  are  given  in  Appendix  III. 
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PART   I. 
STRESSES  IN  STEEL  BRIDGES. 


CHAPTER  I. 
Methods  for  the  Cai/:ulation  of  Stresses  in  Framed  Structures. 

Introdactioiiu — Structures  are  acted  upon  by  external  forces,  called  loads,  the  weight  of  the 
•tnicture,  the  reactions  of  the  supports,  the  force  of  the  wind,  etc.  These  erternal  forces  are 
held  in  equilibrium  by  internal  forces  called  stresseH.  If  a  straight  member  is  acted  upon  at  its 
ends  by  two  equal  external  forces  in  the  direction  of  its  length,  equilibrium  at  any  right  section 
of  the  member  will  be  maintained  by  internal  forces  called  stresses  acting  on  opposite  sides  of  the 
section,  equal  in  amount,  but  opposite  in  direction  to  the  external  forces.  When  the  external 
forces  tend  to  elongate  the  member,  the  stress  is  ten^n;  when  the  external  forces  tend  to  shorten 
the  member,  the  stress  is  compression;  while  when  the  external  forces  tend  to  shear  the  member 
off,  the  stress  is  shear.  Strain  is  the  deformation  caused  by  stress:  the  ratio  of  stress  to  strain 
being  equal  to  a  quantity,  usually  a  constant,  called  the  modulus  of  elasticity.  Compressive 
stresses  will  be  considered  aa  positive  atreaaes,  while  tensile  stressea  will  be  conudered  aa  negative 


Forces  acting  in  a  plane  are  called  coplanar  forces.  Coplanar  forces  alone  will  be  considered 
in  this  chapter.  Forces  meeting  in  a  common  point  are  called  concurrent  forces,  while  forees 
which  do  not  all  meet  in  a  common  point  are  called  non-concutrent  forces. 

RvfrMentttloii  of  Fmtes. — A  force  b  determined  when  its  magnitude,  line  of  action  and 
direction  are  known.  It  may  be  represented  algebraically  by  stating  the  number  of  units  in  the 
force,  by  giving  the  codrdinatea  of  a  point  in  the  line  of  action  of  the  force,  and  by  stating  the 
angle  made  by  the  line  of  action  of  the  force  with  a  line  of  reference;  or  it  may  be  represented 
graphically  in  magtiitude  by  the  length  of  a  line,  in  line  of  action  by  the  powtion  of  the  line,  and 
in  direction  by  an  arrow  placed  on  the  line  pointing  in  the  direction  in  which  the  force  acts. 

BqaOibltein. — Statics  considerq  forces  at  rest,  and  therefore  in  equilibrium.  To  have  static 
equilibrium  in  any  system  of  forces  there  must  beneithertranslationnorrotation,  and  the  following 
conditions  must  be  fulfilled  for  coplanar  forces. 

Z  horizontal  components  of  forces       —  o  (i) 

Z  vertical  components  of  forces  —  o  (3) 

Z  moments  of  forces  about  any  point  ^  o  (3) 

Problems  in  statics  can  be  solved  graphically  or  algebraically.  The  determination  of  the 
reacdons  of  a  simple  framed  structure  usually  requires  the  use  of  equations  (i),  (3)  and  (3). 
Having  comfJetely  determined  the  external  forces  the  internal  stresses  may  be  obtained  by  the 
UK  of  equations  (i)  and  <i)  (resolution),  or  equation  (3)  (moments).  These  equations  may  be 
solved  by  algebra  or  graphics. 
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CALCULATION  OF  STRESSES  IN  FRAMED  STRUCTURES. 
There  are,  therefore,  four  methods  o(  calculating  stresses,  viz.: 
Resolution 


^Algebraic  Method, 
c  method. 


,,  ,     ,  c         /Algebraic  Method. 

Moments  of  Forces  1  „      ,.    ,,  ..     . 

L Graphic  Method. 

The  stresses  ih  any  simple  framed  structure  can  be  calculated  by  using  any  one  of  the  four 
methods.  However,  there  is  usually  one  method  best  suited  to  the  solution  of  each  particular 
problem. 

KESOLUTIOn. — In  calculating  the  stresses  in  a  truss  by  resolution  the  fundamental  equa- 
tions (or  equilibrium  for  translation 

Z  horizontal  components  of  forces  =*  o  (i) 

S  vertical  components  of  forees      "  o  (3) 

are  applied  to  the  structure  at  the  joints  or  to  sections. 

Force  Triangle. — The  resultant,  R,  of  th^  two  forces  Pi  and  P|  meeting  at  the  point  a 
in  Fig.  I  is  represented  in  magnitude  and  direction  by  the  diagonal,  R,  of  the  parallelogram 
a-b-c-d.  The  ojmbining  of  the  two  forces  Pi  and  P,  into  the  force  R  is  termed  composition  of 
forces.    The  reverse  process  is  called  resolution  of  forces. 

The  value  of  R  may  be  found  algebraically  from  the  equation 
JP  =  P,'  +  Pr"  +  2P1P,  cos  9 

It  is  not  necessary  to  instruct  the  entire  force  parallelogram  as  in  (a)  Fig.  i,  the  force  tri- 
angle (b)  below  or  (c)  above  the  resultant  R  being  sufficient. 


b 


(s)  (b)  (c) 

Fic.  I. 

If  only  one  force  together  with  the  line  of  action  o(  the  two  others  be  given  in  a  system  con- 
taining three  forces  in  equilibrium,  the  magnitude  and  direction  of  the  two  forces  may  be  found 
by  means  of  the  force  triangle. 

If  the  resultant  R  in  Fig.  i  is  replaced  by  a  force  E  equal  in  amount  but  opposite  in  direction, 
the  system  of  forces  will  be  in  equilibrium,  (a)  or  (b)  Fig.  2,  The  force  £  is  the  equilibrant  of  the 
system  of  forces  P,  and  Pt. 

It  is  immaterial  in  what  order  the  forces  are  taken  in  constructing  the  force  triangle,  as  in 
Fig.  2,  as  long  as  the  forces  all  act  in  the  same  direction  around  the  triangle.  The  force  triangle 
is  the  foundation  of  the  science  of  graphic  statics. 

Force  Polygon. — If  more  than  three  concurrent  forces  (forces  which  meet  in  a  point)  are  in 
equilibrium  as  in  (a)  Fig.  3,  Ri  in  <b)  will  be  the  resultant  of  P,  and  Pi,  R,  will  be  the  resultant  of 
Ri  and  Pi,  and  will  also  be  the  equilibrant  of  Pt  and  Pi.  The  force  polygon  in  (b)  is  therefore 
only  a  combination  of  force  triangles.  The  force  polygon  for  any  system  of  forces  may  be  con- 
structed as  follows:  Beginning  at  any  point  draw  in  succession  lines  representing  in  magnitude 
and  direction  the  given  forces,  each  line  beginning  where  the  preceding  one  ends.  If  the  polygon 
closes,  the  system  of  forces  is  in  equilibrium,  if  it  does  not  close  the  line  joining  the  first  and  last 
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pdnCs  represents  the  resultant  in  magnitude  and  direction.  As  In  the  case  of  the  force  triangle, 
it  is  immaterial  in  what  order  the  Forces  are  applied  as  long  as  they  all  act  in  tiie  same  direction- 
around  the  polygon.     A  force  polygon  is  analt^us  to  a  traverse  of  a  lield  in  which  the  bearing;a 


<e) 


FIO.  2. 


-'t 
(b) 


and  the  dietancea  arc  measured  prt^ressively  around  the  field  in  either  direction.    The  conditions 
for  closure  in  the  two  cases  are  also  identical. 

It  will  be  seen  that  any  side  in  the  force  polygon  is  the  equilibrant  of  all  the  other  tides,  and 
that  any  side  reversed  in  direction  is  the  resultant  of  all  the  other  sides. 


Fig.  3. 

BqnOibrtnin  of  Concntrent  Fotcm.— The  necessary  condition  for  equilibrium  of  concurrent 
cofJaner  forces  therefore  is  that  the  force  polygon  close.  This  is  equivalent  to  the  algebraic 
condition  that  £  horizontal  components  of  forces  •=  o,  and  Z  vertical  components  of  forces  =  □. 
If  the  system  of  concurrent  forces  is  not  in  equilibrium,  the  resultant  can  be  found  in  magnitude 
and  direction  by  completing  the  force  polygon.  The  resultant  of  a  system  of  concurrent  forces  is 
always  a  wngle  force  acting  through  their  point  of  intersection. 

AIg«brtic  ResolittiML — In  calculating  the  stresses  in  a  truss  by  algebraic  resolution,  the 
fundamental  equations  for  equilibrium,  (1)  and  (3),  for  translation  are  applied  (a)  to  each  joint, 
or  (b)  to  the  members  and  forces  on  one  side  of  a  section  cut  through  the  truss. 

(a)  FoTCti  at  a  Joint. — The  reactions  having  been  found,  the  stresses  in  the  members  of  the 
truss  ^own  in  Fig.  4  are  calculated  as  follows:  Beginning  at  the  left  reaction,  Ri,  we  have  by 
applying  equations  (i)  and  (2) 

i-x-maS  —  i-y-sin  a  —  o  (4) 


-  i-yc 


-Ri  =0 


(5) 


The  stresses  tn  members  i-x  and  i~y  may  be  obtained  by  solving  equations  {4)  and  (5). 
The  direction  of  the  forces  which  represent  the  stresses  in  amount  will  be  determined  by  the  signs 
of  the  results;  if  compressive  stresses  are  assumed  as  po»tive,  tensile  stresses  will  be  negative. 
Arrows  pointing  toward  the  joint  indicate  that  the  member  is  in  compression;  arrows  pointing 
away  from  the  joint  indicate  that  the  member  is  in  tension.  The  stresses  in  the  members  of  the 
truss  at  the  remaining  joints  in  the  truss  are  calculated  in  the  same  way. 
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The  direction  of  the  forcea  and  the  kind  of  Mress  can  always  be  determined  by  sketching  ii 
'  the  force  polygtMi,  for  the  forcea  meeting  at  the  joint  as  in  (c)  Pig.  4. 


1/(^' 


lb) 


Fig.  1 


It  will  be  aeen  from  the  foregoing  that  the  method  of  algebraic  resolution  consists  in  applying 
the  [Mindpie  of  the  force  polygon  to  the  external  forces  and  internal  Btresaea  at  each  joint. 

Since  we  have  only  two  fundamental  equations  for  translation  (resolution)  we  can  not  solve 
a  joint  if  there  are  more  than  two  forces  or  stresses  unknown. 

Wiere  the  lower  chord  of  the  truss  is  horizontal  as  in  Fig.  3,  we  have  by  applying  funda- 
mental equations  (l)  and  (3)  to  the  joint  at  the  left  reaction 


1-x  =  +  Ri-aec  9 


the  plus  sign  indicating  compression  and  the  minus  sign  t 
obtained  directly  from  force  triangle  (c). 


(6) 

(7) 

Equations  (6)  and  {7)  may  be 


(b)   Forces  on  One  Side  of  a  Section. — The  principle  of  reaolutioi 
to  the  structure  as  a  whole  or  to  a  portion  of  the  structure. 

If  the  truss  shown  in  Fig.  6  is  cut  by  the  plane  A-A,  the  internal  stresses  and  external  forces 
acting  on  either  segment,  as  in  (b)  will  be  in  equilibrium.  The  external  forces  acting  on  the  cut 
members  as  shown  in  (b)  are  equal  to  the  internal  stresses  in  the  cut  members  and  are  oppoaite 
in  direction. 

Applying  equations  (i)  and  (3)  to  the  cut  section 


3-y  +3 


•ad  +  Ri  -P,^o 
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Now,  if  all  but  two  of  the  external  forces  are  known,  the  unknowns  may  be  found  by  solving 
equations  (8)  and  (9).  If  more  than  two  external  forces  are  unknown  tbe  problem  ia  indetef' 
minate  aa  far  as  equattona  (8)  and  (9)  a: 


In  the  Warren  truss  in  Fig.  7  the  stresses  at  a  joint  may  be  calculated  by  com[Jeting  the  force 
polygon  as  at  the  left  reaction  in  (b)  Fig.  5.    Applying  equations  (1)  and  (3)  to  a  section  aa  in  (c) 


2-*  +2-3. sin  9  -3-^-0 
-3-3-C09tf-P  +  ^,  =0 


(10) 
(II) 


Fig.  7. 


Now,  J?i  -  P  -  shear  in  the  panel.  Therefore  the  stress  in  2-3  -  -  (R,  -  f)  sec  (  =  shear 
in  panel  X  sec  0.  This  analysis  leads  directly  to  tbe  method  of  coefficients  as  explained  in  detail 
in  Chapter  III. 

Graphic  Restdntion. — In  Fig.  8  the  reactions  Ri  and  R,  are  found  by  means  of  the  force 
and  equilibrium  polygons  as  ^own  in  (b)  and  (a).  The  principle  of  the  force  polygon  is  then 
ai^ed  to  each  joint  of  the  structure  in  turn.  Beginning  at  the  joint  Lt  the  forces  are  shown  in 
(c),  and  the  force  triang^  in  (d).  The  reaction  Ri  is  known  and  acts  upward,  the  upper  chord 
stress  i-xactadownward  to  the  left,  and  lower  chord  Btresai-y  acts  to  the  light  closing  the  polygon. 
Streas  i-x  is  compression  and  stress  i-y  is  tension,  as  can  be  seen  by  applying  the  arrows  to  the 
memben  in  (c).  The  force  polygon  at  joint  U,  is  then  constructed  as  in  (f).  Stress  i-x  acting 
toward  joint  U,  and  load  Pt  acting  downward  are  known,  and  stresses  1-3  and  i-x  are  found  by 
completing  the  polygon.  Stresses  3-x  and  1-3  are  compression.  The  force  polygons  at  joints 
Li  and  Ui  arc  constructed,  in  the  order  given,  in  the  same  manner.     The  known  forces  at  any 
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Joint  are  indicated  in  direction  in  the  force  polygon  by  double  arrows,  and  the  unlcnown  fortes 
are  indicated  in  direction  by  angle  arrows. 


''"S-      ,    <<^>  Joint  U, 


The  stresses  in  the  members  of  the  right  segment  ot  the  truss  are  the  same  as  in  the  left, 
and  the  force  polygons  are,  therefore,  not  constructed  for  the  right  segment.  The  force  polygons 
for  all  the  joints  of  the  truss  are  grouped  into  the  stress  diagram  shown  in  (k).     Compres^on  in 


(a)     (b)  J 

J&infLo 


Joint  U, 


(e)  (f) 

Jo'mfLi 


the  stress  diagram  and  truss  is  indicated  by  a 
and  toward  the  joints,  respectively,  and  tens!) 


3trvss  Diagram 


ows  acting  toward  the  ends  of  the  stress  lines 
is  indicated  by  arrows  acting  away  from  the 
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ends  of  the  stresB  lines  and  away  from  the  joints,  respectively.  The  first  time  a  streaa  is  used  a 
single  arrow,  and  the  second  time  the  stress  is  used  a  double  arrow  is  used  to  indicate  direction. 
It  will  be  seen  that  the  upper  chords  are  in  compression,  while  the  lower  chord  is  in  tension. 
The  stress  diagram  in  (k)  Fig.  8  is  called  a  "  Maxwell  diagram"  or  a  "reciprocal  polygon  diagram." 

The  notation  used  is  known  as  Bow's  notation,  in  which  points  in  the  truss  diagram  become 
areas  in  the  stress  diagram,  and  areas  in  the  truss  diagram  become  points  in  the  stress  diagram. 
'Hie  method  of  graphic  resolution  is  the  method  most  commonly  used  for  calculating  stresses  in 
roof  trusses  and  simple  framed  structures  with  inclined  chords. 

For  the  analysis  of  the  stresses  in  roof  trusses,  see  the  author's  book,  "The  Design  oT  Steel 
Mill  Buildings." 

Warren  Bridge  Truss. — In  Fig.  9  the  dead  load  stresses  in  a  Warren  bridge  truss  loaded 
on  the  lower  chord,  are  calculated  by  the  method  of  graphic  resolution.  In  the  stress  diagram  the 
loadji  are  laid  oFF  from  the  bottom  upwards.  The  details  of  the  scdution  can  easily  be  followed 
by  reference  to  Fig.  9  and  Fig.  8.  It  will  be  seen  that  the  upper  chord  of  the  truss  is  in  compres- 
sion, while  the  lower  chord  is  in  tension. 


HOHEKTS.— In  calculating  the  stresses  i 
for  equilibrium  for  rotation 

S  moments  of  forces  about  any  point  "  O 


by  moments,  the  fundamental  equation 

(3) 


ia  applied  to  parts  of  the  structure.  Equation  (3)  may  be  solved  either  by  algebra  or  by  graphics. 
Before  applying  equation  (3)  to  the  parts  of  a  structure  it  will  be  necessary  to  discuss  a  few  funda- 
mental principles. 

EquUibtinm  of  Non-conoureilt  Forces. — If  the  forces  are  non-concurrent  (do  not  all  meet 
in  a  common  point),  the  condition  that  the  force  polygon  close  is  a  necessary,  but  not  a  sufficient 
condition  for  equilibrium.  For  example,  take  the  three  equal  forces  Pi,  Pi  and  Pi,  making  an 
angle  of  i30°  with  each  other  as  in  (a)  Fig.  10. 


Fig.  10. 


The  force  polj^n  (b)  closes,  but  the  system  is  not  in  equilibrium.  The  resultant,  S,  of 
P,  and  Pi  acts  through  their  intersection  and  is  parallel  to  Pi,  but  is  opposite  in  direction.  The 
system  of  forces  is  in  equilibrium  fat  translation,  but  is  not  in  equilibrium  for  rotaticm. 

The  resultant  of  this  system  is  a  couple  with  a  moment  -  —  Pi-ft,  moments  clockwise  being 
considered  negative  and  counter-clockwise  positive,  (c)  Fig.  10.  The  equilibrant  of  the  system 
in  (a)  Fig.  10  is  a  couple  with  a  moment  —  +  P|-A. 
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A  coupU. — A  couple  consists  of  two  parallel  forces  equal  in  amouut,  but  opposite  in  direction. 
The  ann  of  the  couple  is  the  perpendicular  distance  between  the  forces.  The  moment  of  a  couple 
is  equal  to  one  ol  the  forces  multiplied  by  the  arm.  The  moment  of  a  couple  is  constajit  ftbout 
any  point  in  the  plane  and  may  be  represented  graphically  by  twice  the  area  of  the  triangle  having 
one  of  the  forces  as  a  base  and  the  arm  of  the  couple  as  an  altitude.  The  moment  of  a  force 
about  any  pointniay  be  represented  graphically  by  twice  tbe  area  of  a  triangle,  as  shown  in  (c) 
Fig.  lo. 

It  will  be  seen  from  the  preceding  discussion,  that  in  order  that  a  system  of  non-concurrent 
forces  be  in  equilibrium  it  is  necessary  that  the  multant  of  all  forces  save  one  shall  coincide  with 
the  one  and  be  opposite  in  direction.  Three  non-concurrent  forces  can  not  be  in  equilibrium  un- 
less they  are  parallel.  The  resultant  of  a  system  of  non-concurrent  foroes  may  be  a  single 
force  or  a  a>u[de. 


Fig.  II. 

BqnillbTinm  P^jgon.  Firsl  Method. — In  Fig.  1 1  the  resultant,  a,  of  Pi  and  Ft  acts  through 
their  intersection  and  is  equal  and  parallel  to  a  in  the  force  polygon  (ah  the  resultant,  b,  of  a 
and  Pi  acts  through  their  intersection  and  is  equal  and  parallel  to  b  in  the  force  polygon;  the 
resultant,  c,  of  b  and  Pi  acts  through  their  intersection  and  is  equal  and  parallel  to  c  in  the  force 
polygon;  and  finally  the  resultant.  R,  of  c  and  Ft  acts  through  their  intersection  and  is  equal 
and  parallel  to  R  in  the  force  polygon.  R-ii  therefore  the  resultant  of  the  entire  system  of  forces. 
If  R  is  replaced  by  an  equal  and  opposite  force,  E,  the  system  of  forces  will  be  in  equilibrium. 
Polygon  (a)  in  Fig.  Ii  ia  called  a  force  polygon  and  (b)  is  called  a  "funicular"  or  an  "equilibrium" 
polygon.  It  will  be  seen  that  the  magnitude  and  direction  of  the  resultant  of  a  system  of  forces 
is  given  by  the  closing  line  of  the  force  polygon,  and  the  line  of  action  is  given  by  the  equilibrium 
polygon. 

The  force  polygon  in  (a)  Fig.  la  closes  and  the  resultant,  R,  of  the  forces  Pi,  Pi,  Ft,  Ft,  Pt 
is  parallel  and  equal  to  Ft,  and  is  opposite  in  direction.  The  system  is  in  equilibrium  for  transla- 
tion, but  is  not  in  equilibrium  for  rotation.  The  resultant  is  a  cou[de  with  a  moment  —  —  Pfh. 
The  equilibrant  of  the  system  of  forces  will  be  a  couple  with  a  moment  —  -|-  Pcft.  From  the 
preceding  discussion  it  will  be  seen  that  if  the  force  polygon  for  any  system  of  non-concurrent 
forces  closes  the  resultant  will  be  a  couple.     If  there  is  perfect  equilibrium  the  arm  of  the  couple 

Second  Method. — Where  the  forces  do  not  intersect  within  the  limits  of  the  drawing  board, 
or  where  the  forces  are  parallel,  it  is  not  possible  to  draw  the  equilibrium  poison  as  shown  in  Fig. 
II  and  Fig.  13,  and  the  following  method  is  used: 
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11 


The  point  0,  (a)  Fig.  13.  which  is  called  the  pbit  of  the  force  polygon,  ia  lelected  to  that  the 
Btringa  o-o,  b-v,  c-o,  d-o  and  e-o  b  the  equilibrium  polynpn  (b).  which  are  draim  parallel  to  the 
correapondir^  rays  in  the  force  polygon  (a),  will  make  good  interaectiona  with  the  forcea  which 
they  re{dace  or  equilibrate. 


l^^ 


Resultant  Moment  V' 
M=-Hh 

FiC.   13. 


(b) 


In  the  force  polygon  (a).  Pi  is  equilibrated  by  the  imaginary  forcea  repreaented  by  the  rays 
o-a  and  b-o,  acting  aa  indicated  by  the  arrows  within  the  triangle;  Pi  ia  equilibrated  by  the 
imaginary  forces  represented  by  the  raya  o-b  and  c-o,  acting  aa  indicated  by  the  arrowa  within 
the  triangle;  P»  ia  equilibrated  by  the  imaginary  forcea  repreaented  by  the  raya  o-c  and  d-o, 
acting  as  indicated  by  the  arrows  within  the  triangle;  and  P(  is  equilibrated  by  the  imaginary 
forcea  o-d  and  e-o,  acting  aa  indicated  by  the  arrows  within  the  triangle.  The  imaginary  forces 
are  all  neutralized  except  a-o  and  o-e,  which  are  seen  to  be  componente  of  the  reaultant,  R. 


Fig.  13. 


To  construct  the  equilibrium  polygon,  tain  any  point  on  the  line  of  action  of  Pi  and  draw 
strings  o-a  and  o-b  parallel  to  rays  o-a  and  o-b,  b-o  is  the  equilibrant  of  o-a  and  Pi;  through  the 
intersection  of  string  o-b  and  P%  draw  atring  c-o  parallel  to  ray  c-o,  c-o  is  the  equilibrant  of  o-b 
and  P,;  through  the  intersection  of  string  c-o  and  Pi  draw  string  d-o  parallel  to  ray  d-o,  d-o  ia 
the  equilibnuit  of  c-o  and  Pt;  and  through  the  intersection  of  string  d-o  and  Pi  draw  string  0-0 
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parallel  to  ray  e-o,  e-o  is  the  equilibrant  of  d-o  and  Pi.  Strings  o-a  and  e-o  acting  as  shown  are 
components  of  the  resultant,  R,  which  will  be  parallel  to  R  in  ihe  force  polygon  and  acts  through 
the  intersections  of  strings  o-a  and  e-o. 

The  imaginary  forces  represented  by  the  rays  in  the  force  polygon  may  be  considered  as 
components  of  the  forces  and  the  analysis  made  on  that  assumption  with  equal  ease. 

It  is  immaterial  in  what  order  the  forces  are  taken  in  drawing  the  force  polygon,  as  long  as 
the  forces  all  act  in  the  same  direction  around  the  force  polygon,  and  the  strings  meeting  on  the 
lines  of  the  forces  in  the  equilibrium  polygon  are  parallel  to  the  rays  drawn  to  the  ends  of  the  rame 
forces  in  the  force  polygon. 

The  imaginary  forces  a-o,  6-0,  c-o,  d-o,  e-o  are  represented  in  magnitude  and  in  direction 
by  the  rays  of  the  force  polygon  to  the  same  scale  as  the  forces  Pi,  Pi,  Pt,  Pi.  Tile  strings  of  the 
equilibrium  polj^n  represent  the  imaginary  forces  in  line  of  action  and  direction,  but  not  in 
magnitude. 

On^G  HomentB. — In  Fig.  14  (b)  is  a  force  polygon  and  (a)  is  an  equilibrium  polygon  for 
the  system  of  forces  P,,  P,,  Pi,  P,.  Draw  the  line  M-N  -  y,  parallel  to  the  resultant,  R,  and 
with  ends  on  strings  o-e  and  o-a  produced.  Let  r  equal  the  altitude  of  the  triangle  L-M-N, 
and  H  equal  the  altitude  of  the  similar  triangle  o-«-a.    H  is  the  pole  distance  of  the  resultant,  R. 


e?'  K---->'---->i  \ 


(b) 


Fig.  14. 
Now,  in  the  similar  triangles  L-M-N  and  o-e-a 

R:y::H:r 

Rt  -  Hy 

But  R-T  ^  M  =  moment  of  resultant  R  about  any  point  in  the  line  M-N  and  therefore 

U  .  B-y  (12) 

The  statement  of  the  principle  just  demonstrated  is  as  follows; 

The  momeni  of  any  system  of  coplanar  forces  about  any  point  in  the  plane  is  equal  to  ihe  intercept 
on  a  line  drawn  through  the  center  of  moments  and  paralM  to  the  resultant  of  alTthe  fortes,  cut  off  by 
the  strings  vihich  meet  on  the  resultant,  multiplied  by  the  pole  distance  of  the  resultant.  It  should 
be  noted  that  in  all  cases  the  intercept  is  a  distance  and  the  pole  distance  is  a  force. 

This  property  of  the  equilibrium  polygon  is  frequently  used  in  -calculating  the  bending 
n  beams  and  trusses  which  are  loaded  with  vertical  loads. 


Bending  Moments  In  ■  Beam. — It  is  required  to  6nd  the  moment  at  the  point  M  in  the 
nmple  beam  loaded  as  in  (b)  Fig.  15.    The  moment  at  M  will  be  the  algebraic  sum  of  the  moments 
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of  the  forces  to  the  left  of  M.    The  moment  of  Pi  -  H  X  B-C,  the  n 

and  the  moment  of  J^i  =  —  H  X  B-A.    The  moment  at  M  will  therefore  be 

Af,  =  if  X  B-C  +  H  X  C-D  -MX  B-A  -  -Hx  A-D  =-  - 
of  the  forces  to  the  right  of  M  may  in  like  manner  be  shown  to  b 

Jf,  =  +  Hy 


13 
-  H  X  C-D 


Fig.  15. 


In  like  manner  the  bending  moment  at  any  point  in  the  beam  may  be  shown  to  be  the  ordinate 
of  the  equilibrium  polygon  multiplied  by  the  pole  distance.  The  ordinate  is  a  distance  and  is 
measured  by  the  same  scale  as  the  beam,  while  the  pole  distance  is  a  force  and  is  measured  by 
the  same  scale  as  the  loads. 

EqiuUbrium  PolnEon  aa  a  Framed  Structure. — In  (a)  Fig.  [6  the  rigid  triangle  supports  the 
load  P\.     Construct  a  force  polygon  by  drawing  rays  a-i  and  c-\  in  (b)  parallel  to  sides  a-i  and 


c-\,  respectively,  in  (a),  and  through  pole  I  draw  1-6  parallel  to  side  1-6  in  (a).  The  reactions 
Ai3nd  At  will  be  given  by  the  force  polygon  (b),  and  the  rays  t-ii,  i-cand  1-6  represent  the  stresses 
in  the  members  i-o,  i-c  and  i-ft,  respectively,  in  the  triangular  structure.  The  stresses  in  i-o 
and  \-c  are  compression  and  the  stress  in  1-6  is  tension,  forces  acting  toward  the  joint  indicating 
compression  and  forces  acting  away  from  the  joint  indicating  tension.  Triangle  (a)  is  therefore 
an  equilibrium  polygon,  and  polygon  (b)  is  a  force  polygon  for  the  force  P\. 
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14  CALCULATION  OF  STRESSES   IN   FRAMED  STRUCTURES.        Chap.  I. 

From  the  preceding  discusaion  it  will  be  seen  that  the  internal  etreMea  at  any  point  Of  in 
any  section  hold  in  equilibrium  the  external  forces  meeting  at  the  point,  or  on  either  aide  of  the 

Algebraic  Momenta.  Stresses  in  a  Roof  Truss. — The  reactions  may  be  found  by  applying 
the  fundamental  equations  of  equilibrium  to  the  structure  as  a  whole.  In  the  truss  tn  (a)  F^.  17 
by  taking  moments  about  the  ri^t  reaction  we  have 

Ri  X  6d  "  SP,  X  3d 


Fig.  17. 


To  find  the  stresses  in  the  members  of  the  truss  in  (a)  Fig.  i;,  proceed  as  follows:  Cut  the 
truss  by  means  of  plane  A~A,  as  in  (b),  and  replace  the  stresses  in  the  members  cut  away  with 
external  forces.  These  forces  are  equal  to  the  streaaea  in  the  members  in  amount,  but  opposite 
in  direction,  and  produce  equilibrium. 

To  obtain  stress  \-x  take  center  of  moments  st  Lt,  and  take  moments  of  external  fences 


4-*  X  a  +  P,  X  d  -  «!  X  2d  - 


To  obtain  stress  in  4-5  take  center  of  moments  at  Lg,  and  take  moments  of  external  forces 
4-5  X  6  -  2P1  X  |d  -  o 
-  (tension) 


.s^fi,, 
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n  s-^  take  center  of  moments  at  joint  Ut  in  (c),  and  Cake 


s-y  - 


5-y  Xk-R,  X3^  +  iPi-d 
jR.d-SPrd     9P,d 


ah 


(tension) 


To  Deiermint  Kind  of  Siren. — 1(  the  unknown  external  (oroe  is  always  taken  as  acting 
from  tbe  outnde  toward  the  cut  section,  *.  t.,  is  always  aaaumed  to  cause  compression,  the  sign 
of  the  result  will  indicate  the  kind  of  stress.  A  plus  sifcn  will  indicate  that  the  assumed  direction 
was  correct  and  that  the  stress  is  compression,  while  a  minus  sign  will  indicate  that  the  assumed 
direction  was  incorrect  and  that  the  stress  is  tension. 

In  calculating  stresses  by  algebraic  moments,  therefore,  always  observe  the  following  rule: 

Afsumt  the  unknown  exiemal  force  lu  acting  from  the  outside  ttraard  the  cut  section;  a  plus  sign 
for  the  result  wiU  then  show  thai  tke  stress  in  the  member  is  compression,  and  a  minus  sign  wiU  indicate 
that  the  stress  in  the  member  is  tension. 

Tbe  stresses  in  the  web  members  3-4,  2-3,  1-3,  are  found  by  taking  moments  about  joint  La 
as  a  center.  The  stresses  in  y-3  and  y-i  are  found  by  taking  moments  about  joints  Ui  and  Ui, 
respectively;  and  the  stresses  in  x-2  and  x-i  are  found  by  taking  moments  about  joint  Li. 

The  method  of  algebraic  moments  is  the  most  common  method  used  for  calculating  the 
Etresaes  in  bridge  trusses  with  inclined  chords,  and  similar  frameworks  which  carry  moving  loads. 

Stnsses  in  a  Bri4g«  Tnua. — Calculate  reaction  Ri  by  taking  moments  of  the  vertical  forces 
about  joint  L,'-    Then  Ri  X  L  =  6P-L/2,  and  Ri  -  3P  -'  Rt.    To  calculate  the  stress  in  any 


\X    \a 


Fig.  18. 


member  in  the  truss,  pass  a  section  cutting  the  member  in  which  the  stress  is  required,  and  cutting 
away  the  truss  on  one  side  of  tbe  section.  The  stresses  in  the  members  cut  away  are  assumed 
as  replaced  by  external  forces  acting  in  the  tine  of  the  member  and  equal  to  the  stresses  in 
amount. 
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16  CALCULATION  OF  STRESSES   IN  FRAMED  STRUCTURES.        Chap.  I. 


To  calculate  the  stresses  take  the  center  of  moments  so  that  there  will  be  but  one  unknown 
stress.  The  solution  of  the  equation  of  moments  about  this  center  oF  inontcnls  will  give  the 
required  stress.  To  calculate  the  stress  in  4-5  in  (b)  Fig.  18,  pass  the  section  a-a,  cutting  away 
the  right  side  of  the  truss,  and  take  the  center  of  moments  at  the  intersection  of  the  top  and 
bottom  chords.  Now  5-x  and  4-7  act  through  the  center  of  moments  and  produce  no  moment. 
The  moment  of  the  stress  in  4-5  acting  from  the  outside  toward  the  cut  section  with  an  arm  c, 
holds  In  equilibrium  the  reaction  Ri,  and  the  two  loads,  P.  The  sign  of  the  result  will  determine 
the  kind  of  stress,  minus  for  tension  and  plus  for  compression.  To  calculate  the  stress  in  the  top 
chord  UtUi,  pass  section  b-b  in  (c)  and  take  moments  about  joint  L|. 

Graphic  Hommts. — The  bending  moment  at  any  point  in  a  truss  may  be  found  by  means 
of  a  force  and  equilibrium  polygon  as  in  (b)  and  (a)  Fig.  19.  To  determine  the  stress  in  4-x, 
cut  section  A~A  and  take  moments  about  joint  Li  as  in  Fig.  19.    The  moment  of  the  external 


(a)  (h) 

Fig.  19. 

forces  on  the  left  of  Li  will  be  Af  1  =  -  tf  yj,  and  stress 

4-1 ii^a.  =  +  n-y^a 

To  obtain  stress.in  4-5  take  center  of  moments  at  joint  Lo,  and  stress 

4-5  =  itf,/ft  =  -  H-y,lb 
To  obtain  stress  in  5-]i  take  center  of  moments  at  joint  C/i,  and  stress 
5ry  =  M^h=  -  H-y,lh 
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CHAPTER   II. 


Stresses  in  Beams. 


pie  and  cantilever  beams,  only,  will  be  considered  in  this  chapter.    For 
beams,  see  the  author's  "Steel  Mill  Buildings,"  Chapter 


iBtrodnction.- 
the  calculation  of 
XVa. 

RuctionB  id  a  Slmplo  Beain. — A  force  and  an  equilibrium  polygon  may  be  used  to  obtain 
the  reactions  of  a  beam  loaded  with  a  load  P,  as  in  Pig.  i. 

The  force  polygon  (b)  is  drawn  with  a  pole  0  at  any  convenient  point,  and  rays  O-ii  and 
O-c  are  drawn.    Now  from  the  fundamental  conditions  for  equilibrium  for  translation  we  have 


■ 

9 

a-->Jr.  fc 

K; 

(a) 

Fig.  I. 

P  —  Ri  +  Rt.  At  any  convenient  pcnnt  in  the  line  of  action  of  P,  draw  the  strings  0-a  and  O-c 
parallel  to  the  rays  0-a  and  0-e,  respectively,  in  the  force  polygon.  The  imaginary  forces  a-0 
and  O-c  acting  as  shown,  equilibrate  the  force  P.  The  imaginary  force  a-^  acting  in  a  reverse 
direction,  as  shown,  is  an  equilibrant  of  J?i,  and  the  imaginary  force  C-0,  acting  in  a  reverse 
direction,  is  an  equilibrant  of  Rt.  The  remaining  equilibrant  of  Ri  and  of  Rt  must  coincide  and 
be  equal  in  amount,  but  opposite  in  direction.  The  string  b-O  is  the  remaining  equilibrant  of 
Ri  and  also  of  Rt,  and  ia  called  the  closing  line  of  the  equilibrium  polygon.  The  ray  b-0  drawn 
parallel  to  the  string  b-0  divides  P  in  two  parts,  which  are  equal  to  the  reactions  R,  and  Rt. 

Riuctioiu  of  a  CantUsTor  B«am. — Ap  a  second  example  let  it  be  required  to  find  the  reactions 
of  the  overhanging  beam  shown  in  Fig.  3. 

Construct  a  force  polj^n  with  pole  O,  as  in  (b),  and  draw  an  equilibrium  polygon,  aa  in  (a). 
The  ray  0~4,  drawn  parallel  to  the  closing  line  O^  in  (a),  determines  the  reactions.  In  this  case 
reaction  Ri  is  negative.  It  should  be  noted  that  the  closing  line  in  an  equilibrium  pol^in  must 
have  its  ends  on  the  two  reactions. 

The  ordinate  to  the  equilibrium  polygon  at  any  point,  multiplied  by  the  pole  distance,  H, 
will  give  the  bending  moment  in  the  beam  at  a  ptn'nt  immediately  above  ii. 

Mtanants  and  Shaara  in  Baanu:  Concentrated  Loads. — The  bending  moments  in  the  beam 
in  Fig.  3  may  be  found  by  constructing  the  force  polygon  (a)  and  the  equilibrium  polygon  (b) 
as  shown. 
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Cbap.  II. 


The  bending  moment  at  any  paint  is  then  equal  to  the  ordinate  to  the  equilibrium  polygon 
'  at  that  point,  multi|died  by  the  pole  distance,  H.  The  ordinate  is  to  be  measured  to  the  same 
scale  as  the  beam,  and  the  pole  distance,  H,  is  to  be  measured  to  the  same  scale  as  the  loads  in 
the  force  polygon.    The  ordinate  is  a  distance  and  the  pole  distance  is  a  (orce. 


;^ 

4-          ' 

k 

^^-,i 

(a)    - 

(b) 


Fic.  2. 

Or,  if  the  scale  to  which  the  beam  is  laid  off  be  multi(died  by  the  pole  distance  measured  to 
the  scale  of  the  loads,  and  this  scale  be  used  in  measuring  the  ordinates,  the  ordinates  irill  be  equal 
to  the  bending  moments  at  the  corresponding  points.  This  isthesaroeas  making  the  pole  distance 
equal  to  unity.     Diagram  (b)  is  called  a  moment  diagram. 


^  in^. 

f    I  '■ 

1| 

iir^ 

^i  hA 


-:-^o 


(a) 

Force  Fb/ygFon 


Fio.  3- 


Between  the  left  support  and  the  first  load  the  shear  is  equal  to  Ki;  between  the  Imds  P| 
and  Pi  the  shear  equals  Ri  —  P,;  between  the  loads  Ft  and  F,  the  shear  equals  Ri  —  P,  —  Pf, 
between  the  loads  P,  and  Pi  the  shear  equals  R,  —  Pi  —  Fx  — /*■;  and  between  load  Ft  and  the 
right  reaction  the  shear  equals  Ri  —  Ft  —  Pt  ~  P»  —  Pt  ^  ~  A»    At  load  Px  the  shear  changes 
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from  po6itive  to  negative.  E^gram  (c)  is  called  a  shear  diagram.  It  wdl  be  seen  that  the  maxi- 
mum ordinate  in  the  moment  diagram  comeaat  the  point  of  zero  shear. 

The  bending  moment  at  any  point  in  the  beam  is  equal  to  the  algebraic  sum  of  the  shear 
areas  on  either  aide  of  the  point  in  question.  From  this  we  aee  that  the  shear  areas  on  each  aide 
of  Ft  must  be  equal.  This  property  of  the  shear  diagram  depends  upon  the  i^inciple  that  the 
bending  moment  of  any  point  in  a  simple  beam  is  the  d^nite  integral  of  the  shear  between  either  point 
of  support  and  the  point  in  question.  Thb  will  be  taken  up  again  in  the  discusson  of  beams  uni- 
formly loaded,  which  will  now  be  considered. 

Htanenti  and  ShMtrs  in  B«ajiu:  Unifonn  Looda. — In  the  beam  loaded  with  a  uniform  load 
of  ic  lb.  per  lineal  foot  shown  in  Fig.  4,  the  reaction  Ri  —  Rt  ~  iw-L.  At  a  distance  x  from 
the  left  support,  the  bending  moment  is 


M  •=  Ri-x-  w.i*/2  -  iXv>(^-x  -  a") 


(I) 


which  is  the  equation  of  the  common  parabola. 

The  parabola  may  beconstructed  by  means  ofthe  force  and  equilibrium  polygons,  by  assuming 
that  the  uniform  load  is  concentrated  at  points  in  the  t>eam.  as  is  assumed  in  a  bridge  truss,  and 
then  drawing  the  force  and  equilibrium  polygons  in  the  usual  way,  as  in  Fig.  4.    The  greater 


^031^=  W  /(&.  /vr  lin.  ff. 


t-  r:-:-S^->£7 


\  Moment  Diagram    Force  B>lygort 


the  number  of  segments  into  which  the  uniform  load  is  divided,  the  moie  nearly  will  the  equilibrium 
poison  approach  the  bending  moment  parabola. 

The  parabola  may  be  constructed  without  drawing  the  force  and  equilibrium  polygons  as 
foDowB:  Lay  off  ordinate  m-n  =  n-p  -  bending  moment  at  center  of  beam  =  \m■I^.  Divide 
»-p  and  b-p  into  the  same  number  of  equal  parts  and  number  them  as  shown  in  (b).  Join  the 
poinU  with  like  numbers  by  lines,  which  will  be  tangents  to  the  required  parabola.  It  will  be 
Been  in  Fig.  4  that  points  on  the  parabola  are  also  obtained. 

The  shear  at  any  point  x  will  be 


■  \wL  —  vx  -  to(L/a  - 


(2) 


which  is  the  equation  of  the  inclined  line  shown  in  (c)  Fig.  4.    The  shear  at  any  point  is  therefore 
represented  by  the  ordinate  to  the  shear  diagram  at  the  given  point. 
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Property  of  tiic  Sliear  Diagram. — Integrating  the  equation   for  shear  between  the  limits, 
=  o  and  *  —  *,  we  have 


f^  Sdx  -  f\(Ll3  -x)dx  =  iML-x^i*) 


(3) 

which  is  the  equation  for  the  bending  moment  at  any  point,  x,  in  the  beam,  and  is  also  the  area 
of  the  shear  diagram  between  the  limits  given.  From  this  we  see  that  the  bending  moment  at 
any  point  in  a  simple  beam  uniformly  loaded,  is  equal  to  the  area  of  the  shear  diagram  to  the 
left  of  the  point  in  question.  The  bending^ moment  is  also  equal  to  the  algebraic  sum  of  the  shear 
areas  on  either  side  of  the  point. 

Beam  With  PutUI  UDiform  Lewd.— The  beam  in  Fig.  5  is  loaded  with  a  load  w  extending 
over  a  length  b.  The  bending  moments  between  the  left  end  of  the  uniform  load  a^id  the  left 
reaction  is  Ri-x,  represented  by  the  ordinates  to  the  straight  line  A-i  in  (a);  the  bending  moments 
in  that  part  of  the  beam  covered  by  the  uniform  load  is  represented  by  ordinates  to  the  curved 
line  1-3 ;  while  the  bending  moments  to  the  right  of  the  uniform  load  are  represented  by  ordinates 
to  the  straight  line  2-8.  The  ordinates  from  the  straight  line  1-3  to  the  curve  I-a  are  the  same 
as  for  a  simple  beam  with  a  span  b  loaded  with  a  uniform  toad  <o.  The  shear  diagram  is  shown  in 
(b).     It  will  be  seen  that  the  maximum  bending  moment  comes  at  the  p<unt  of  lero  shear. 


UnUorm  Hoving  Loads. — Let  the  beam  in  Fig.  6  be  loaded  with  a  uniform  load  of  p  lb.  per 
lineal  foot,  which  can  be  moved  on  or  off  the  beam. 

To  find  the  position  of  the  moving  load  that  will  produce  a  maximum  moment  at  a  point  a 
distantxafrom  the  left  support,  proceed  as  follows:  Let  the  end  of  the  uniform  load  beat  a  distance 
X  from  the  left  reaction.    Then  taking  moments  about  Rt  we  have 


and  the  moment  at  the  paint  whose  absicssa  11 


al 
I  wUbe 

(l-x)* 


(4) 


Differentiating  (5)  with  respect  to  x,  and  placing  the  derivative  of  M  equal  to  lero,  we  have 
after  solving 

*  -  o  (6) 

Therefore  the  maximum  moment  at  any  pcunt  in  a  beam  will  o 


ir  when  the  beam  is  fully  loaded. 
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The  bending  moment  diap^m  for  a  beam  loaded  with  a  uniform  moving  load  is  constructed 
u  in  Fig.  4. 

To  find  the  position  of  the  moving  load  for  maximum  shear  at  any  point  in  a  beam  loaded 
with  a  moving  uniform  load,  proceed  aa  follows:  The  left  reaction  when  the  end  of  the  moving 
load  JB  at  a  distance  x  from  the  left  reaction  will  be 

*-2--^f  (4) 

and  the  sheat  at  a  point  at  a  distance  a  from  the  left  reaction  will  be 

5.J!, -(•-.)/. -i^^p2(.-(o-.)f  (7) 

which  is  the  equation  of  a  common  parabola. 

K- 2 >- 


4*- 


/ogt/  /my/nff  off-fo  the  right  \b 

Maximum  fiegailve  Shear^^^M   • 
Load  moving  off  to  the  left  ^^^ 

Fig.  6. 

By  inspection  it  can  be  seen  that  S  will  be  a  maximum  when  x  —  a.  The  maximum  shear 
at  any  point  in  a  beam  will  therefore  occur  at  the  end  of  the  uniform  moving  load,  the  beam  being 
fully  loaded  to  the  right  of  the  point  as  in  (a)  Fig.  6  for  maximum  positive  shear,  and  fully  loaded 
to  the  left  of  the  point  as  in  (b)  Fig.  6  for  maximum  negative  shear. 

If  the  beam  is  assumed  to  be  a  cantilever  beam  lixed  at  A,  and  loaded  with  a  stationary 
uniform  load  equal  to  p  lb.  per  lineal  foot,  and  an  equilibrium  polygon  be  drawn  with  a  force 
polygon  having  a  pole  distance  equal  to  length  of  span,  I,  the  parabola  drawn  through  the  points 
in  the  equilibrium  polygon  will  be  the  maximum  positive  shear  diagram,  (a)  Fig.  6.  The  ordinate 
at  any  point  to  this  shear  diagram  will  represent  the  maximum  positive  shear  at  the  point  to  the 
■ame  scale  as  the  loads  (for  the  application  of  this  principle  to  bridge  trusses  see  Fig.  9,  Chap.  III)- 

Concentrated  Having  Loads.  Bending  Moments. — Let  a  beam  be  loaded  with  concentrated 
moving  loads  at  fixed  distances  apart  as  shown  in  Fig.  7. 

To  find  the  position  of  the  loads  for  maximum  moment  and  the  amount  of  the  maximum 
moment,  proceed  as  follows:  The  toad  Ft  will  be  considered  first.  Let  x  be  the  distance  of  the 
load  Pi  from  the  left  support,  when  the  loads  produce  a  maximum  moment  under  load  Pj. 

Taking  moments  about  J?>,  we  have 

R,l  -  P,(l  -  *  +  o)  +  P,(/  -  *)  +  i>,(/  -  X  -  t)  +  P,(/  -  *  -  6  -  0 

-  (/  -  x)iPy  +  i-,  +  p,  +  PO  +  i»..«  -  P..6  -  P,{h  +  c)  (8) 
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and  the  bending;  moment  under  load  Pi  will  be 

xQ  ~  x){Px  +  Ft  +  Ft  +  Pt)  +  xlFi-a  -  P.b  - 
^  '  i 
Differentiating  (9)  with  respect  to  x,  we  have 

^^      «  -  3x)iP,  +  P,  +  P,  +  F,)  +  F,a  -  P.b 


i  k  --<3--->|<---^|->i<---C-->  fo 


and  aolvinK  (10)  for  x,  we  have 


Fig.  7. 


Now  J>,-fl  -  /"i-ft  -  P4(6  +c)  isthesutic  moment  of  the  loads  about  P.,  and 
P,a  -P,-6^P,(6+£) 
Pi  +  P. +  P»  +  Pt 

=  distance  from  Pi  to  center  of  the  pavity  of  all  the  loada. 

Therefort,  for  a  maximum  moment  undtr  load  P,,  it  {Pi)  must  be  as  far  from  one  end  as  the 
center  of  gravity  of  aU  the  loads  is  from  the  oOier  end  of  the  beam.  Fig.  7. 

The  above  criterion  holds  for  all  the  loads  on  the  beam.  The  only  way  to  find  which  load 
produces  the  greatest  maximum  is  to  try  each  one,  however,  it  is  usually  poiuble  to  determine 
by  inspection  which  load  will  pnxluce  a  maximum  bending  moment.  For  example,  the  maximum 
moment  in  the  beam  in  Fig.  7  will  certainly  come  under  the  heavy  load  Pi.  The  above  proof 
may  be  generalized  without  difhculty,  and  the  criterion  above  shown  to  be  of  general  application. 

K- 3---->i 

X 01    ,     '^     ^ 

1*^ 2        ->t<'"""  f ^ 

K I -> 

Fig.  8. 

For  two  equal  loads,  F  =  P,  at  a  fixed  distance,  a,  apart  as  in  the  case  of  a  traveling  crane. 
Fig.  S,  the  maximum  moment  will  occur  under  one  of  the  loads,  when 

.  -  1/1  -  a/4  (12) 

Taking  moments  about  the  right  reaction,  we  have 

K,;.  TO -0/3)  (13) 
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and  the  roaziiniiiii  bending  moment  ia 

M  -  RAlli  -  a/4) 

P{1  -  a/a)*  (U) 

3/ 

There  will  be  a  maximum  moment  when  either  of  the  loada  satisfies  the  above  criterion,  the 
bending  momenta  being  equal. 

By  equating  the  maximum  moment  calculated  as  above  to  the  moment  due  to  a  single  load 
at  the  center  of  the  beam,  it  will  be  found  that  the  above  criterion  holds  only,  when 

a  <  o.58«  (15) 

Where  two  unequal  moving  loads  are  at  a  fixed  distance  apart,  the  greater  maximum  bending 
moment  will  always  come  under  the  heavier  load. 

Shtars. — The  maximum  end  shear  at  the  left  support,  for  a  system  of  concentrated  loads  on 
a  simple  beam,  as  in  Fig.  7,  will  occur  when  the  left  reaction,  Ri,  is  a  maximum.  This  will  occur 
when  one  of  the  wheels  is  infinitely  near  the  left  abutment  (usually  said  to  be  over  the  left  abut- 
ment).   Ttie  load  which  produces  maximum  end  shear  can  be  easily  found  by  trial. 

The  maximum  shear  at  any  point  in  the  beam  will  occur  when  one  of  the  loads  is  over  the 
point.  The  criterion  for  determining  which  load  will  cause  a  maximum  shear  at  any  pant,  x, 
in  a  beam  will  now  be  determined. 

In  Fig.  7,  let  the  total  load  on  the  beam.  Pi  +  P,  +  P,  +  Pi  -  W,  and  let  a:  be  the  disunce 
from  the  left  support  to  the  point  at  which  we  wish  to  determine  the  maximum  shear. 

When  load  Pi  is  at  the  pdnt,  the  shear  will  be  equal  to  the  left  reaction,  which  is  found  by 

Butntituting  x  +  atofxm  (8)  to  be 

„       „       (l-x-a)W  +  P,a  -  P,b  -  P.(&  +  c) 
Si-Ri j 

and  when  Pt  is  at  the  point,  the  shear  will  be 

(/  -  x)W  +  Pi-a  -  P,-b  -  P,(b  +  c)       - 
i,  _  ___  _  -  -  ^» 

Subtracting  St  from  Si,  we  have 


Now  5|  will  be  greater  than  St  if  Pi- 1  is  greater  than  W-a,  or  if 

Pita  >  Wn  (16) 

The  criterion  for  maximum  shear  at  any  point,  therefore,  is  as  follows: 

The  maxirmtm  posiUae  sXear  in  any  section  of  a  beam  occurs  wken  the  foremost  load  is  at  the 
section,  provided  Wjl  is  not  greater  than  PJa.  If  W/l  is  greater  than  P,/a,  the  greatest  shear  wU 
occur  when  some  succeeding  load  is  at  the  point. 

Having  determined  the  position  of  the  moving  loads  for  maximum  moment  and  maximum 
shear,  the  amount  of  the  moment  and  shear  can  be  obtained  as  in  the  case  of  beams  loaded  with 
stationary  loads. 

DBSIGIf  OF  BEAMS.— Having  calculated  the  maximum  bending  moments  and  shears 
in  the  beam  the  stresses  are  calculated  as  follows: 

Shearing  Stresses. — The  shear  is  assumed  as  uniformly  distributed  over  the  cross-section 
of  the  beam,  and  the  shearing  stress  will  be  equal  to  the  shear  Si  divided  by  the  area  of  the  beam. 
The  actual  shearing  stress  in  the  beam  must  be  less  than  the  allowable  shearing  stress. 

Tenaile  and  Compresdon  Stresses. — A  ample  beam  carried  on  two  end  supports  will  ha\-e 
its  upper  fibers  in  compression  and  its  lower  fibers  in  tension,  there  being  no  stress  on  the  neutral 
axis  of  the  beam. 
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The  strew  due  to  bending  moment  will  be  given  by  tbe  formula 

S  -  U-e/I  (17) 

where  S  is  the  unit  stress  on  the  extreme  fiber,  being  tennon  on  the  canve:c  side  and  compresMoo 
□n  the  concave  side  o(  the  beam,  if  is  the  bending  moment  of  the  forces  on  one  aide  of  the  given 
section,  c  is  the  distance  in*inches  from  the  neutral  axis  of  the  beam  ta  the  extreme  fiber  con- 
sidered, and  /  is  the  moment  of  inertia  of  the  cross-section  of  the  beam  in  inches  to  the  fourth 

The  allowable  unit  stresses  foe  shear,  teusioo  and  compreanoD  are  given  in  Chapter  IX  and 
in  Appendix  I. 
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CHAPTER    III. 
Stresses  in  Highway  Bridge  Trusses. 

LOADS. — The  loade  on  highway  bridges  are  cammonly  specilied  aa  a  certain  number  of 
pounds  per  square  foot  of  Hoot  surface,  or  per  lineal  foot  of  truss  or  bridge.  The  live  load  is 
aaaunied  as  applied  at  the  panel  points  of  the  loaded  chord,  while  the  dead  load  may  be  assumed 
as  all  applied  on  the  loaded  chord,  or  assumed  aa  partly  applied  on  the  loaded  chord  and  partly 
on  the  unloaded  chord  (usually  two-thirds  on  the  loaded  chord  and  one-third  on  the  unloaded 
chord).  In  this  discussion  the  dead  load  will  be  assumed  as  applied  at  the  panel  points  in  the  loaded 
chord.  Equal  panel  lengths  and  jdnt  loads  will  also  be  assumed.  For  extracts  from  standard 
specifications  for  dead  loads  of  highway  bridges,  see  Chapter  IX. 

Algsbnic  RMtdntion.* — Let  the  Warren  truss,  in  Fig.  i,  have  dead  loads  applied  at  the 
joints  of  the  lower  chord  as  shown.  From  the  fundamental  equations  for  equilibrium  for  rotation 
and  tran^tion,  reaction  Si  ^  Rt  -  iV. 


®     -//     @     -/?     @     "//     @ 

Wfanff 

Dtad  Load  Coefficieni^ 

Fig.  I. 

The  stresses  in  the  members  are  calculated  as  follows:  Resolving  at  the  left  reaction,  stress 
in  i-«  —  +  aff-sec  *,  and  stress  m  i-y  —  —  jW-tan  9.  Resolving  at  first  joint  in  upper  chord, 
stress  in  i-a  —  —  jH'-secff,  and  stress  in  i-x  ■  +6WU.d6.  Resolving  at  second  joint  in 
lower  chord,  stress  2-3  —  +  alV-sec  8,  and  stress  3-y  -  —  SH'tan  fl.  And  in  like  manner  the 
stresses  in  the  remaining  members  are  found  as  shown.  The  coefKcients  shown  in  Fig.  i  for  the 
chords  are  to  be  multiplied  by  If- tan  9;  while  those  for  the  webs  are  to  be  multiplied  by  Wtece. 

It  will  be  seen  that  the  coefficients  for  the  web  stresses  are  equal  to  the  shears  in  the  respec- 
tive panels.  Having  found  the  shears  in  the  different  panels  of  the  truss,  the  remaining  coefficients 
may  be  found  by  resolution.  Pass  a  section  throiyrh  any  panel  and  the  algebraic  sum  of  the  coeffi- 
cients will  be  equal  to  zero.  Therefore,  if  two  coefficients  are  known,  the  third  will  be  equal  to 
the  algebraic  sum  of  the  two,  with  sign  changed. 

Beginning  with  coefficient  of  member  i-]>,  which  is  known  and  equals  —  3; 
coefficient  of  a-*  -  —  (—    3  —  3)  ■"  +    6; 
coefficient  of  S-y  -  -  (-t-    6  +  a)  -  -  ^; 
coefficient  of  4-*  -  -  {-    8  -  a)  -  +  10; 

*  Alio  called  "  Method  of  Secttons." 
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coefficient  of  5-7  =  —  (+  10  +  i)  -  —  11; 
coefficient  of  6-*  —  —  (—  11  —  i)  -  +  13; 
coefficient  of  7-y  -  —  (+  la  +  o)  -  —  la. 
Loading  for  Maximum  Stresses. — The  effect  of  dilTerent  poritions  of  the  loads  on  a  Wairen 
Lss  will  now  be  investigated. 


Chord  Stfa&iti  ^  Coeff ici en fs  x  Ptan  B 


\jA  the  truss  in  Fig.  a  be  loaded  with  a  single  load  P  as  shown.  The  left  reaction,  Ri  —  \P, 
and  the  right  reaction,  •R^  =  Plj.  The  stress  in  i-y  =  -  ^i*tan  e,  and  stress  in  i-a;  =  + 
fP-secfl.  The  stress  in  I-a  =  -  fP-aecS.and  atrerain  a-3  -  -  ^J'-sec  9.  etc.  The  rcmainins 
coefficients  are  found  as  in  the  caae  of  dead  loads  by  adding  coefficients  algebraically  and  changing 
the  sign  of  the  result. 

In  Fig.  3  the  coefiicients  for  a  load  applied  at  each  joint  in  turn  are  shown  for  the  different 
members;  the  coefficients  tor  the  load  on  left  being  given  in  the  top  Ibe. 

Pfand 


■3  ®  \h  ®  -i,  ®  --i  ®  -■.'%  ®  \iW- 


Plane 

Maximum  and  Minimum  Coefficient^ 

Fig.  3. 
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The  (ollowing  conduaions  may  be  drawn  from  Fig.  3: 

>.  All  loads  produce  compreamve  streaBes  in  the  top  chord  and  tensile  Btresaea  in  the  bottom 

a.  All  the  loads  on  one  side  ol  a  panel  produce  the  same  kind  of  stress  in  the  web  members 
that  are  inclined  in  the  same  direction  on  that  side. 

3.  For  maximum  itreaaes  in  the  chords,  therefore,  the  truss  should  be  fully  loaded. 

4.  For  maximum  stresses  in  the  web  members  the  longer  segment  into  which  the  panel 
dividestbetrussshould  be  fully  loaded;  whilefor  minimum  stresses  in  the  web  members  the  shorter 
segment  of  the  truss  should  be  fully  loaded. 

The  conditions  for  maximum  loading  of  a  truss  with  equal  joint  loads  are  therefore  seen  to  be 
essentially  the  same  as  the  maximum  loading  of  a  beam  with  a  uniform  live  load. 

For  a  discussion  of  the  conditions  of  loading  for  maximum  and  minimum  stresses  in  trusses 
by  means  of  Influence  Diagrams,  see  Chapter  IV. 

StrasMS  is  a  Wuren  tnat. — The  coefficients  for  the  maximum  and  minimum  stresses  in 
a  Warren  truss,  due  to  live  load  are  shown  in  Fig.  4. 

These  coeffidents  are  seen  to  be  the  algebraic  sum  of  the  coefficients  for  the  individual  loads 


given  in  Fig.  3.    The  liv 
directly  are  found  in  the  a 


load  chord  coeffidents  are  the  same  as  for  dead  load,  and  if  found 


Ptane 
+12  HS 


V  7 


5' 


V  7/ 


©  -5    @   -//    (g)    -/a   @    -//    @   -e    @    -5 

Maximum  in  Webs  Ptane  Minimum  inWebs  ^ 

^t  Uve  Load  Coefficients  ^ 

Fig.  4. 

The  maximum  web  coefficients  may  be  found  directly  by  talcing  off  one  load  at  a  time,  be- 
ginning at  the  left.  The  left  reaction,  which  may  be  found  by  algebraic  moments,  will  in  each 
case  be  the  coefficient  of  the  maximum  stress  in  the  panel  to  the  left  of  the  first  load.  A  rule 
for  finding  the  coefficient  of  left  reaction  for  any  loading  is  as  follows:  Multiply  Ike  number  0/ 
loadf  on  Me  truss  by  one-lialf  Ike  number  of  ioads  plus  unity,  and  divide  the  product  by  the  number 
of  paneU  in  ike  truss,  the  result  vnil  be  the  coefficient  of  the  left  reacHon. 

If  the  second  differences  of  the  maximum  coefficients  in  the  web  members  are  calculated,  they 
will  be  found  to  be  cmstant,  which  shows  that  the  coefficients  are  equal  to  the  ordinates  of  a 
parabiria. 

Coefficients,  ai  15  10  6  3  I 

1st  differences,  65432 

and  difference*,  1  i  i  i 

^COND  DiFFBRENCBS  OF  NtniBRATOKS  OF  WbB  CoEFFICIBHTS. 

This  relation  gives  an  easy  method  for  checking  up  the  maximum  web  coeffidents,  since  the 
numerators  of  the  coefficients  are  always  the  same  beginning  with  zero  in  the  first  panel  on  the 
right  and  progressing  in  order  t,  3,  6,  10,  etc.;  the  denominators  always  being  the  number  of 
psnela  in  the  truas. 
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Chap.  HI. 


It  will  also  be  found  that  the  second  differences  of  the  upper  or  lower  chord  coeffidenU  are 
I,  showing  that  the  chord  stresses  are  proportional  to  the  ordlnatee  to  a  parabc4a. 

It  should  be  noted  that  in  the  Warren  truss  the  web  members  meeting  on  the  unloaded  chord 
always  have  UreeseB  equal  in  amount,  but  oppoute  in  Mgn. 

The  web  member  6-7  has  a  zero  dead  load  stress,  and  a  complete  reversal  due  to  live  knd, 
making  it  necessary  to  design  the  member  to  take  both  tension  and  compression. 

For  the  calculation  of  the  maximum  and  minimum  Btresaes  in  a  Warren  truss,  sec  Problem  10, 
Chapter  VI 1. 

Stresaea  In  ■  Pratt  TruM. — In  the  Pratt  truss  the  diagonal  members  are  tension  members, 
and  counters  (see  dotted  members  in  (c)  Fig.  5  )must  be  supplied  where  there  is  a  reversal  of  stress. 
The  coefficients  for  the  dead  and  live  load  stresses  in  the  Pratt  truss,  shown  in  (a)  and  (b)  Fig.  5, 


u,  i-4  Ui  i-4  u$  m.s  y/  tfj:g  uj 


ff  -p  -Zi  i,   -Zf  Li   -4   Ij  -t5.€  L'z  -16.0  L^-ip.u  w^ 

Dead  Load  Coefficients     Dead  Load  Sfesses 

Dead  Load =8  Tons  per  Joint.   SecG'l.Zg    Tand'OM 

(a) 


ff  Y  -Zi  ^f  -2e  1^2    -4  ^5  -5I.Z  i-'t  -32.0  Q  ~}IQ  &.  ^ 
'        Live  Load  Coefficients  and  Stresses 
Live  Load  =l$Tons  per  Joint.    Sec6=/.Z8  Tan0=O.8O 

(b) 


are  found  in  the  tame  manner  as  for  a  Warren  truss.  Tbe  member  V^\  acts  as  a  hanger  and 
carries  only  the  load  at  its  lower  end.  The  stresses  in  the  chords  are  found  by  multiplyinE  t  he 
coefficients  by  If. tan  *,  and  in  the  inclined  webs  by  multiplying  the  coefficients  by  (F-ser  •. 
The  stresses  in  the  posts  are  equal  to  the  vertical  components  of  the  stresses  in  tbe  inclined  wrfa 
members  meeting  them  on  the  unloaded  chord. 
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The  maximum  chord  strewea  shown  on  the  left  of  (c),  arc  equal  to  the  sum  ol  the  live  and 
dead  load  chord  stresses.  The  minimum  chord  itresses  shown  on  the  right  of  (c),  are  equal  to 
the  dead  load  chord  stresaes. 

The  maximum  and  minimum  web  atreases  are  found  by  adding,  algebraically,  the  stresses  in 
the  members  due  to  dead  and  live  loads. 

Since  the  diagonal  web  members  in  a  Pratt  truss  can  take  tension  only,  counters  must  be 
supplied  as  VtLt  in  psjiel  Li'Li-  The  tensile  stress  in  a  counter  in  a  panel  of  a  Pratt  truss  is 
always  equal  to  the  compressive  stress  that  would  occur  in  the  main  diagonal  web  member  in 
the  panel,  if  it  were  possible  (or  it  to  take  compression.  Care  must  always  be  used  to  calculate 
the  corresponding  stresses  in  the  vertical  posts. 

For  the  calculation  <A  the  maximum  and  minimum  stresses  in  a  Pratt  truss,  see  Problem  ii. 
Chapter  VII. 

Method  ot  ShMtf  Increments. — ^Tbe  loads  on  a  beam  or  truss  liret  produce  shears,  which  in 
turn  produce  bending  stresses  in  the  chorda.  In  (a)  Fig.  5  it  will  be  seen  that  member  VxLi 
carries  the  shear  in  the  panel  of  \W,  which  produces  a  stress  of  —  \W-mc  B  in  the  member. 
The  difference  in  the  stresses  in  E/iI/iand  f/il/iiaseen  to  be  the  horizontalcomponent  of  the  stress 
in  UiLi,  or  the  shear  increment  in  the  panel.  The  shear  increment  may  be  calculated  as  follows: 
The  shear  in  the  panel  I>iLi  is  Wji  and  may  be  assumed  to  act  a  differential  to  the  right  of  joint 
Lt.  Now  take  moments  about  Ii,  and  pass  a  section  cutting  UtVt,  U\Lt  and  LtLi  just  to  the 
right  of  Lt,  and  cutting  away  the  truss  to  the  left.  Now  the  shear,  S,  represents  the  resultant 
of  the  vertical  forces  to  the  left  of  the  panel.  Then  for  equilibrium  the  stress  in  UtVt  will  be 
equal  to  the  stress  in  V,Ut  found  by  taking  moments  about  joint  Lt,  fdus  the  shear  increment 
/  -  (5  X/)/(f,  "  ilf-tanS,  where  J  =•  panetlength  and  d  -  depth  of  truss. 

GSJkPBlC  RESOLUTION.— The  stresses  in  a  Warren  truss  due  to  dead  loads  are  calcu- 
lated by  graphic  resolution  in  Problem  I,  Chapter  VII.  The  solution  is  the  same  as  for  the 
truss  in  Fig.  9,  Chapter  1.  The  loads,  beginning  with  the  first  load  on  the  left,  are  laid  off  from 
the  bottom  upwards.  The  analysis  of  the  solution  is  shown  on  the  stress  diagram  and  truss, 
and  needs  no  explanation. 

From  the  stresaes  in  the  members  it  is  seen  (a)  that  web  members  meeting  on  the  unloaded 
chord  have  stresses  equal  in  amount  but  opposite  in  sign,  and  (b)  that  the  lower  chord  stresses 
are  the  arithmetical  means  of  the  upper  chord  stresses  on  each  side. 


Fig.  6. 


The  live  load  chord  stresses  may  be  obtained  from  the  dead  load  stress  diagram,  by  changing 
the  scale,  or  by  multiplying  the  dead  load  stresses  by  a  constant. 

The  live  load  web  stresses  may  be  obtained  by  calculating  the  left  reactions  for  the  loading 
that  gives  a  maximum  shear  in  the  panel  (no  loads  occurring  between  the  panel  and  the  left 
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in),  and  then  constructing  the  ■tress  diagram  up  to  tbe  member  whose  stress  is  required. 
In  a  truss  with  parallel  chords  it  is  only  necessary  to  calculate  the  stress  in  the  first  web  member 
for  any  given  reaction,  since  the  shear  is  constant  between  the  ieFt  reaction  and  the  panel  in 
question. 

The  live  load  web  stresses  may  all  be  obtained  from  a  single  diagram  as  follows:  With  an 
assumed  left  reaction  of,  say,  100,000  lb.  construct  a  stress  diagram  on  the  assumption  that  the 
truss  is  a  cantilever  fixed  at  the  right  abutment,  and  that  there  are  no  loads  on  the  truss.  Then 
the  maximum  stress  in  any  web  member  will  be  equal  to  the  stress  scaled  from  the  diagram, 
divided  by  100,000,  multiplied  by  the  left  reaction  that  produces  the  maximum  stress.  This 
method  is  a  very  convenient  one  for  finding  the  atresses  in  a  truss  with  inclined  chords.  For  ex- 
amples, see  Problem  19,  and  Problem  30,  Chapter  VII. 

In  calculating  the  maximum  and  minimum  stresses  in  a  bridge  truss  by  graphic  resolution 
the  labor  in  constructing  the  stress  diagram  may  be  reduced  by  refriadng  the  truss  to  the  left 
of  the  panel  by  a  triangle  as  in  (a)  or  (b)  in  Fig.  6.  In  (a)  the  correct  stresses  will  be  given  in 
t/iLi'  or  (/j'Li,  but  the  correct  stress  will  not  be  given  in  VtLi. 

ALGEBRAIC  HOHENTS.— The  dead  and  live  load  stresses  in  a  truss  with  inclined  chords 
are  calculated  by  algebraic  moments  in  Fig.  7.    The  conditions  for  maximum  loading  are  tbe 
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same  in  this  truss  as  in  a  truss  with  parallel  chords,  and  are  as  fallows:   Maximum  chord  si 

occur  when  all  loads  are  on;   minimum  chord  stresses  occur  when  no  live  load  is  01 

web  stresses  in  main  members  occur  when  the  longer  segment  of  the  truss  is  loaded;  a 

stresses  in  main  members  and  maximum  stresses  in  counters  occur  when  the  shorter  segment  of 

the  truss  is  loaded.     For  a  proof  of  this  criterion,  sec  Fig.  6,  Chapter  IV.     An  apparent  exception 

to  the  latter  rule  occurs  in  post  UtLt,  which  has  a  maximum  tensile  stress  when  the  truss  is  fuDy 

loaded  with  dead  and  live  loads. 

To  calculate  the  stress  in  member  V\Lt,  take  moments  about  point  A,  the  intersection  of 
the  upper  and  lower  chords  produced  and  pass  a  section  cutting  ViU\,  I^iZ.}  and  £.|L|,  and  cutting 
away  the  truss  to  the  right.     The  dead  load  stress  is  then  given  by  the  equation 


ovGoo^lc 
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UiLi  X70.7+RiX6o-WX8o-a 
V,Lt  X  70.7  ■"  -6X60  +  3X80  =  - 120  foot-tons,  and 
ViLi  =  —  1,70  tons. 
The  maxiaiuin  live  load  stress  occurs  when  all  loads  are  on  except  Li,  and 
UiL\  X  70-7  +  *i  X  60  =  o 
t/iLi  X  70.7  =  -  ftp  X  60  -  -  576  foot-tons,  and 
1^,1.1  -  -  8.14  tons 

The  maximiim  live  load  stress  in  counter  UtLi  occurs  with  a  load  at  Li,  and  is  given  by  the 
equation 

-  r/iLi  X  6a.43  +jeiX6o-PX8o-o 
Va.1  X  61.43  -  JP  X  60  -  8  X  80  -  356  foot-tons,  and 
VtLi  —  —4.10  tons 
The  dead  load  stress  in  counter  U^i  when  main  member  VtLt  is  not  acting  will  be 
U^i  X  61.43  ■=  +  "o  foot-tons,  and 
U^,-  +1.92  tons 

The  maximum  atreaa  in  UiLx  is  therefore  —  1.70  —  8.14  ~  —  9.84  tons,  and  the  minimum 
Kress  is  sero.     The  maximum  stress  in  counter  VtLi  is  +  t.93  —  4.10  «  —  3.18  tons,  and  the 


To  calculate  the  stress  in  member  UiUt,  take  the  center  of  momenta  at  Li,  and  pass  a  section 
cutting  UiUj,  UtLt  and  Ltlt',  and  cutting  away  the  truss  to  the  right.  The  dead  load  stress  is 
then  given  by  the  equation 

UiUi  X  24.35'-  Ri  X40-|-H'X20-0 

U^Ut  -  -1-  7-42  tons 

In  like  manner  the  live  load  stress  in  UiUt  ~  -f-  19.79  tons. 

The  stresses  in  the  remaining  members  may  be  found  in  the  same  manner.  To  obtain  stress 
in  upper  chord  ViV\',  take  moments  about  £■  as  a  center;  to  obtain  stress  in  lower  chord  L%Li 
take  moments  about  t^i  as  a  center.  The  dead  load  and  maximum  live  load  tenale  stress  in 
poet  UtL»  is  equal  to  the  vertical  component  of  the  dead  and  live  loads,  respectively,  in  upper 
chord  Ui  Uf.  The  stresses  in  L»Ui,  LtLt,  LiL%',  UiUj  and  UtLt'  are  most  easily  found  by  algebraic 
resolution. 

For  additional  problems,  see  Chapter  VII. 

GRAEVIC  HOUBKTS.— The  dead  load  stresses  in  the  chords  of  a  Warren  truss  are  calcu- 
.  lated  by  graphic  moments  in  Fig.  8. 

Bonding  Hoincnt  Pdjgon. — The  upper  chord  stresses  are  given  by  the  ordinates  to  the 
bending  moment  parabola  direct,  while  the  lower  chord  stresses  are  arithmetical  means  of  the 
upper  chord  stresses  on  each  side,  and  are  given  by  the  ordinates  to  the  chords  of  the  parabola 
as  shown  in  Fig.  8. 

The  parabola  is  constructed  as  follows:  The  mid-ordinate,  4-j,  is  made  equal  to  the  bending 
Oioroent  at  the  center  of  the  truss  divided  by  the  depth;  in  this  case  the  mid-ordinate  is  the  stress 
in  6-^:  if  the  number  of  panels  in  the  truss  were  odd,  the  mid-ordinate  would  not  be  equal  to  any 
chord  stress.  The  parabola  is  then  constructed  as  shown  in  Fig.  8.  The  live  toad  chord  stresses 
may  be  found  from  Fig.  8  by  changing  the  scale,  or  by  multiplying  the  dead  load  chord  stresses 
by  a  constant. 
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STRESSES  IN  HIGHWAY   BRIDGE  TRUSSES. 


Chap.  III. 


Shear  Polygon. — In  Chapter  II  it  was  shown  that  the  maximum  shear  in  a  beam  at  any 
point  could  be  represented  by  the  ordinate  to  a  parabola  at  the  point.  The  same  principle  holds 
for  a  symmetrical  bridge  truss  with  equal  panels  and  loaded  with  equal  joint  loads,  as  will  now 
be  proved. 
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In  Fig.  9  assume  tliat  the  umple  Warren  truss  is  fixed  at  the  left  end  as  shown,  and  that  the 
right  reaction  Ri  is  not  acting.    Then  with  all  joints  fully  loaded  with  a  live  load  P,  construct  a 
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force  polygon  as  shown,  with  pole  O  and  pole  distance,  H  =  span  L,  and  banning  at  point  « 
in  the  load  line  pf  the  force  polygon,  construct  the  equilibrium  polygon  a-g~k  for  the  cantileva 
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Now  the  bending  moment  at  the  left  support  will  be  equal  to  ordinate  yi  multiplied  by  the 
pole  distance  H.  But  the  truss  is  a  simple  truss  and  the  moment  of  the  right  reaction  will  be 
equal  to  the  moment  at  the  left  abutment,  and 

y,H  ~RtL 
and  since  H  =  L 

yt-L  -RfL 


Now,  with  the  loads  remaining  stationary,  move  the  truss  one  panel  to  the  right  as  shown  by  the 
dotted  truss,  Wth  the  same  force  polygon  draw  a  new  equilibrium  polygon  as  above.  This 
equilibrium  polygon  will  be  identical  with  a  part  of  the  first  equilibrium  polygon  as  shown.  Aa 
above,  the  bending  moment  at  left  reaction  is  yi-H  —  yi-L  —  Ri-L,  and  ^i  —  Ri.  In  like 
raaaner  yi  can  be  shown  to  be  the  right  reaction  with  three  loads  on,  etc.  Since  the  bridge  is 
symmetrical  with  reference  to  the  center  line,  the  ordinates  to  the  shear  polj^n  in  Fig.  9  are 
equal  to  the  maximuni  shears  in  the  panel  to  the  right  of  the  ordinate  as  the  load  nooves  olT  the 
bridge  to  the  right. 

For  a  method  of  drawing  the  shear  parabola  direct,  without  the  use  ol  the  force  and  equilibrium 
polygons,  see  Problem  18,  Chapter  VII. 
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CHAPTER  IV. 
Stresses  in  Railway  Bridge  Trusses. 

LOADS. — The  dead  load  of  a  railway  bridge  is  anumed  to  act  at  the  joints  the  same  as  in  a 
highway  bridge.  The  dead  joint  loads  are  commonly  asaumed  to  act  on  the  loaded  chord,  but 
may  be  assumed  as  divided  between  the  panel  points  of  the  two  chords,  one-third  and  two-third» 
of  the  dead  loads  usually  being  assumed  as  acting  at  the  panel  points  of  the  unloaded  and  the  loaded 
chorda,  respectively. 

The  live  load  on  a  railway  bridge  condsts  of  wheel  loads,  the  weights  and  spadng  oF  the  wheels 
depending  upon  the  type  of  the  rolling  stock  used.  The  locomotives  and  cars  differ  so  much  that 
it  would  be  difKcult  if  not  impossible  to  design  bridges  on  a  railway  system  for  the  actual  conditions, 
and  conventional  systems  of  loading,  which  approximate  the  actual  conditions  are  assumed. 
The  conventional  systems  for  calculating  the  live  load  stresses  in  railway  bridges  that  have  been 
most  favorably  received  are;  (l)  Cooper's  Conventional  System  of  Wheel  Concentrations;  (2) 
the  use  of  an  Equivalent  Uniform  Load;  and  (3)  the  use  of  a  uniform  load  and  one  or  two  wheel 
concentrations.  In  addition  to  these  some  railroads  specify  special  engine  loadings.  The  first 
and  second  methods  will  be  discussed  in  this  chapter. 

Cooper's  CtniTentional  SyBtem  of  Whe«l  ConcentratioaB. — In  Cooper's  loadings  t«n>  con- 
solidation locomotives  are  followed  by  a  uniformly  distributed  train  load.  The  typical  loading 
for  Cooper's  Class  E  40  is  shown  in  Fig.  3,  Chapter  IX.  The  loads  on  the  drivers  in  thousands 
of  poimds  and  the  uniform  train  load  in  hundreds  of  pounds  are  the  same  as  the  class  number. 
The  wheel  spacings  are  the  same  for  all  classes.  The  stresses  for  Cooper's  loadings  calculated 
for  one  class  may  be  used  to  obtain  the  stresses  due  to  any  other  class  loading.  For  example,  the 
stresses  in  any  truss  due  to  Cooper's  Class  E  50  are  equal  to  -f-  of  the  stresses  in  the  same  trues 
due*to  Class  E  40  loading.  The  E  55  and  the  E  60  loadings  are  those  most  used  for  steam  rail- 
ways in  the  United  States.  In  bridges  designed  for  Class  E  40  loading  and  under  the  Boor  system 
must  in  addition  be  designed  for  two  moving  loads  of  50,000  lb.  each,  spaced  6'  o"  apart  on 
each  track.  The  corresponding  loads  for  Class  E  50  are  60,000  lb.  with  the  same  spacing. 
The  American  Railway  Engineering  Association  has  adopted  Cooper's  loadings,  except  that  the 
special  loads  are  spaced  7'  o".  The  values  for  moment,  M,  shear,  S,  and  floorbeam  reaction,  R,  for 
Class  E  60  are  given  in  Table  I. 

Equivalent  Unifonn  Load  System. — The  equivalent  uniform  load  for  calculating  the  stresses 
in  trusses  and  the  bending  moments  in  beams,  is  the  uniform  load  that  will  produce  the  same 
bending  moment  at  the  quarter  points  of  the  truss  or  beam  as  the  maximum  bending  moment 
produced  by  the  wheel  concentrations.  The  equivalent  uniform  loadings  for  different  spans  for 
Cooper's  E  40  loading  are  given  in  Fig.  4,  Chapter  iX.  In  calculating  the  stresses  in  the  truss 
members  select  the  equivalent  load  for  the  given  span,  and  calculate  the  chord  and  web  stresses 
by  the  use  of  equal  joint  loads,  as  for  highway  bridges.  In  designing  the  stringers  for  bending 
moment  take  a  loading  for  a  span  equal  to  one  panel  length,  and  for  the  maximum  floorbeam  re- 
action take  a  loading  for  a  span  equal  to  two  panel  lengths.  It  is  necessary  to  calculate  the 
maximum  end  shears  and  the  shears  at  intermediate  points  by  wheel  concentrations,  or  to  use 
equivalent   uniform  toads  calculated  for  wheel  concentrations. 

Live  load  stresses  calculated  by  the  method  of  equivalent  uniform  loads  are  too  small  for 
the  chords  and  webs  between  the  ends  of  the  truss  and  the  quarter  points,  and  are  too  large  be- 
tween the  quarter  pCMnts.     The  stresses  obtained  for  the  counters  are  too  large.     The  live  load 
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MAXIMUM  MOMENTS,  SHEARS  AND  FLOORBEAM  REACTIONS. 


MAxnnni  Moubnts,  i 


.;  Pbk  Rail,  for 


Cooper'a  E6o  Loading  (A.  R.  E.  A.). 

Loading  Two  E6o  Engines  and  Train  Load  of  6,000  Pounds  per  Foot  or  Special  Loading 
Two  75,000  Pound  Axle  Loads  7  Ft.  C.  to  C. 

Moments  in  Thauaands  of  Foot-Pounds.  Shean  and  Floorbeam  Reactions  in  lliousands  of 
Pounds. 

Results  for  One  Rail.    Results  from  Special  Loading  inarlced*.    A.  R.  E.  A.  Impact  Formula. 
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STRESSES  IN  RAILWAY  BRIDGE  TRUSSES. 
TABLE  I.- 


MAZiumi  Moments,  M;  End  Shears,  S;  and  Floorbeah  Reactions,  R;  Per  Rail,  for 

Girders. 

Cooper'a  E60  Loading  (A.  R.  E.  A.). 
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173-4 

•74-3 

176.0 
176.9 

Viaduct 
Span 

40'-6o' 
i97-» 

no 

113 
114 

;;i 

117 
118 
119 

ut 

113 
114 

US 

5829.6 
S937-4 
6040.0 
6148,2 

6158.0 

SI 

6586.1 
6696.6 

6808.3 
6911.6 

7030.S 

;;&! 

7376.4 

749S-J 

4265.5 
4333-9 

4534.8 
4602.5 
4671.6 
4738.2 
4806.. 
48747 
4944-0 
S009-9 
5078.5 
S  148.9 
5119-1 
5290.7 

143.0 

148.3 
250.0 
251-8 
253.6 
»SS-3 
257.0 
258.8 
260.S 
161.1 
i64J3 
265.7 
167.4 
169.1 

177-8 
178.7 

179.5 

iea3 
I8I.1 
181.0 
181.9 
183.6 
1844 
185.3 
186.1 
186.9 

;K 

189.4 
190-0 

Viaduct 

40^ 
■236.5 

stresses  calculated  by  the  method  of  equivalent  uniform  loads  are  sufficiently 
practical  purposes.  Even  though  the  equivalent  uniform  load  method  is  simpli 
gives  sufficiently  accurate  results,  it  is  now  seldom  used. 


for  all 
ipply  and 


e  atreBses  as  follows: 


1  the  term 


KINDS  OF  STRESS.— The  live  loads  on  a  railway  bridge  produt 

(1)  Vertical  stresses  due  to  the  live  load  in  any  position; 

(3)  Vibratory  stresses  due  to  the  moving  of  the  live  load,  generally  included  ii 

(3)  Horizontal  static  stresses  due  to  centrifugal  forces,  if  the  train  is  on  a  curve; 

(4)  Longitudinal  static  stresses  due  to  the  momentum  of  the  train,  and  the  frictio 
rails  when  the  brakes  are  applied. 

Vibratory  stressas  cannot  -be  calculated  with  our  present  knowledge,  but  are  provided  for 
by  taking  a  percentage  of  the  static  live  load  as  "Impact  Stress,"  or  by  using  smaller  working 
stresses.     Horizontal  and  static  stresses  can  be  calculated. 

CALCULATION  OF  STRESSES  DUE  TO  WHEEL  CONCENTRATIONS.— The  maxi- 
mum stresses  in  any  member  of  a  truss  may  be  found  by  trial,  that  is,  by  assuming  a  number  of 
positions  of  the  live  load,  calculating  the  stress  for  each  position,  and  then  comparing  the  results. 
This  method  is  long  and  tiresome  and  considerable  time  may  be  saved  by  the  applic: 
simple  criteria,  which  will  now  be  developed  by  means  of  influence  diagrams.  These  c 
may  also  be  developed  by  algebraic  methods. 

INFLUENCE  DIAGRAMS.- An  influence  diagram  (commonly  called  an  influence  line) 
shows  the  variation  of  the  effect  of  a  moving  load  or  a  system  of  loads  on  a  beam  or  truss.  The 
difference  between  bending  moment  or  shear  diagrams  and  influence  diagrams  is  that  the  bending 
moment  and  the  shear  diagram  gives  the  moment  and  shear,  respectively,  at  any  point  for  a  fixed 
system  of  loads,  while  an  influence  diagram  gives  the  moment  or  shear,  etc.,  at  a  fixed  point  for  a 
moving  system  of  loads.  Infiucnce  diagrams  are  used  principally  for  finding  the  position  of 
moving  loads  that  will  produce  maximum  shears,  moments,  reactions,  or  stresses,  although  they 
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may  be  used  for  calculating  the  quantities  themselves.  For  convenience,  where  a  number  of 
loada  are  considered,  the  influence  diagrams  are  drawn  for  a  single  unit  load.  The  unit  influence 
diagram  may  then  be  used  for  any  load  by  multiplying  by  the  given  load.  The  unit  influence 
diagram  will  be  referred  to  in  the  following  diKUSsion. 

Ha^mom  Moment  In  *  Tmu  or  Beam. — Let  P,,  in  Fig.  I,  represent  the  summation  of  the 
moving  loads  to  the  left  of  the  panel  point  s',  and  Pi  be  the  summation  of  the  moving  loads  to 
the  right. 

The  influence  diagram  for  the  point  2'  is  constructed  by  calculating  the  bending  moment  at 
3'  due  to  a  unit  load  —  a(L  —  a)fL  =  ordinate  2-4,  and  drawing  lines  1-3  and  2-3.  The  equation 
of  the  line  i-a  is  y  —  «(L  —  a)fL,  and  the  equation  of  the  line  2-3  is  y  —  ffl(L  —  x)IL. 
Now  when  I  —  o  the  two  lines  have  a  common  ordinate  which  is  equal  to  <i(L  —  a)IL.  Also 
when  X  ••  L  the  ordinate  to  i-3  —  i.  —  a;  while  when  x  —  o,  the  ordinate  to  2-3  is  o,  as  is  seen 
in  Fig.  ■ .  This  relation  gives  an  easy  method  of  constructing  an  influence  diagram 
for  any  point  in  a  beam  or  truss. 

'TT 


<     I 


V*^ 


Fig.  I.    Influbncb  Diagram  for  Moubnts. 


Now  in  Fig.  i  the  bending  moment  a^ 


lue  to  the  loads  Pi  and  Pj,  i 
,yt  +  Pxy, 


Now  move  the  loads  Pi  and  Pt  a  short  distance  to  the  left,  the  distance  being  assumed  so  small 
(hat  the  distribution  of  the  loads  will  not  be  changed,  and 

M  +  dM-  P,<y,  -  dy,)  +  PiO-i  +  dy,)  (2) 

Subtracting  (i)  from  (2)  and  placing  dM~  o,  we  have 

dM Pfdy,  +  P,dy,  =  O  (3) 

But  <fyi  -  dc'tan  at  -  dx(L  —  a)!L,  and  (fy,  =  dx-tan  at  -  dx-a/L,  and 

dM  -  -  PiiL  -  a)dxlL  +  P,a-dxlL  -  o.  from  which 
Pt-a  ~  PiL  +  Pi-a  -  o,  and 
(P,+Pt)a  ~PiL 
Solving,  we  have 

P,l<t  -  IPi  +  P,)IL.  (4) 

From  (4)  it  faOows  Aal  the  maximtan  bending  mtmenl  at  2'  occurs  vken  llu  meraie  load  on  the  left 
oj  the  lection  ii  tiie  tame  as  the  average  load  on  Ike  entire  bridge.     It  will  be  seen  that  the  c 
will  be  satisfied  for  a  bridge  loaded  with  equal  joint  loads  when  the  bridge  is  fully  loaded. 
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Vni/orm  Loads. — In  Fig.  i  the  bending  moment  at  i'  due  to  a  uniform  load  p-dx  wOl  be 
P-ydx  in  (a).  But  ydx  is  the  area  of  the  influence  diagram  under  the  unilorm  toad,  and  the 
bending  moment  at  3'  due  Co  a  uniform  load  will  be  equal  to  the  area  of  the  influence  diagram 
covered  by  the  load,  multiplied  by  the  load  per  unit  of  length.  For  a  uniform  load,  p,  covering 
the  entire  span  the  bending  moment  at  a'  will  be  p  times  the  area  of  the  influence  diagram  1-3-3. 
For  a  uniform  load  the  bridge  must  be  fully  loaded  to  obtain  maximum  bending  moment  at  any 
point.  It  will  be  seen  that  the  general  criterion  for  maximum  bending  nument  is  satisfied  when 
the  bridge  is  fully  loaded  with  a  uniform  load. 

MaximMHi  Shear  in  a  Beam. — It  is  required  to  calculate  the  maximum  shear  at  the  point  3' 
in  the  beam  1-4',  in  Fig.  2.    First  consider  two  loads,  P,  and  Pt,  at  a  distance  b  apart,  on  the 


b -n^-c-H 


Fig.  3.    Infiuence  Diagram 


ri^t  of  the  point  3'.  Now  with  the  load  unity  at  3'  the  shear  at  the  left  of  the  point  will  be 
(l  —  a)ll,  and  on  the  right  of  the  point  2'  the  shear  wll  be  —  a/l,  while  the  influence  diagram  for 
shear  is  1-2-3-4.  Then  the  shear  at  the  point  3'  due  to  the  loads  Pi  and  P,  will  be  S  —  +  Pi-yi 
+  Pi-yi-  Now  as  the  loads  are  moved  Co  the  left,  the  positive  shear  is  increased  until  Pi  reache* 
point  3'.  It  will  therefore  be  seen  that  a  maximum  shear  occurs  at  3'  when  load  Pt  is  at  x',  and 
Pt  is  on  the  longer  segment  of  the  beam.  If  Pj  is  greater  than  Pi  the  loads  should  be  reversed  in 
position. 

For  more  than  two  loads.  Pi,  P,  and  Pi,  the  criterion  is  developed  as  follows: 

The  shear  at  3'  is  ■ — —  1 

5  -  +  Pi-yi  +  P,yt  +  Pt-y,  (5) 

Now  move  the  loads  to  the  left  a  distance  dx,  no  toads  coming  on  or  gmng  off  the  span,  and 

S  +  dS'-+  Ft(y,  +  dy,)  +  P,{j,  +  dy,)  +  P,iy,  +  dy.)  (6) 

subtracting  (5)  from  (6),  and  solving  for  a  maximum,  we  have 

dS  -  +  Pi-dyi  +  Pfdyt  +  Pfdyt  -  o  (7) 

Now  (7)  can  be  satisfied  only  when  dyi,  or  both  dyi  and  dyi  are  negative.  Whether  niaximum 
shear  will  occur  with  Pi  or  with  Pt  at  3'  may  be  found  by  substituting  in  (5). 

Ma^mnm  Shear  in  a  Trass.— Let  Pt.  Pt  and  P,,  in  Fig.  3,  represent  the  loads  on  the  left 
of  the  panel,  on  the  panel,  and  on  the  right  of  the  (m  +  l)8t  panel,  respectively.  It  is  reqinrvd 
to  find  the  position  of  the  loads  for  a  maximum  sliear  in  the  panel. 
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With  a  load  unity  at  2'  the  shear  in  the  panel  is  —  m/n,  and  i-a  is  the  influence  shear  line  for 
loads  to  the  lelt  of  the  panel.  With  a  load  unity  at  3'  the  shear  in  the  panel  is  (n  —  m  —  j)/n, 
and  the  line  3-4  is  the  influence  shear  line  for  loads  to  the  right  of  the  panel.  For  a  load  on  the 
panel  the  shear  will  vary  from  —  m/n  at  3'to{n  —  m  —  i)/nat  3',  and  the  line  2-3  is  the  influence 
riiear  line  for  loads  in  the  panel. 

The  influence  diagram  for  the  entire  span  ia  the  polygon  1-3-3-4.  •'  '"'^  ^  *«*•>  that  the 
lines  i~3  and  3-4  are  parallel,  and  are  at  a  distance  unity  apart. 


dy,-'i.m  (af  ■"—----.,___      I  ! 

Fig.  3.     iNFLtmNCE  Diagbau  for  Shear  ik  a  Truss. 

The  total  shear  in  the  panel  will  then  be 

S'  ~  Pi-y,  +  Pt-yt  +  Pt-y,  (8) 

Now  move  the  loads  a  short  distance  to  the  left,  the  distance  being  assumed  so  small  that  the 
distribution  of  the  loads  ivill  not  be  changed,  and 

S  +  dS-  -  Pi(yi  -  dy,)  +  P,iyt  -  dy,)  +  P,(y,  +  dy,) 

Subtiacting  (8)  from  (9),  and  solving  for  a  maximum 

dS  =  Pi-dy,  -  Pfdyt  +  P.dy,  =-  0 
But 

dyi  ~  dx-taaai  —  dxin-l, 

dyt  ■-  dxtan  a,  -  dx(H  -  l)/n-l, 

dy,  -dx'tana.  "  dx/n-t; 
and  substituting  we  have 

dS  -  Pi-dxin-l  -  Pfdx(,n  -  i)ln-l  +  P.-dx/n-l  -0 
P,-Pt(n~  I)  +P,-o 
and 

Pi+Pt  +  P,"  Pt-n 

P,  -  (P,  +P,  +  P,)ln.  (io) 

From  (10)  it  follows  that  the  maximum  shear  in  Ike  panel  vrill  occur  when  ike  load  on  the  pand 
u  equal  to  the  load  on  Ike  bridge  divided  by  the  number  of  panels  in  the  bridge. 

Uniform  Loads. — In  the  same  manner  as  for  bending  moment  in  Fig.  i,  it  can  be  pro\-wl 
that  the  shear  in  the  panel  due  to  a  uniform  load  on  the  truss,  in  Fig.  3,  ia  equal  to  the  area  of 
the  influence  diagiam  covered  by  the  load,  multiplied  by  the  intensity  of  the  uniform  load  per 
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linear  unit.  From  Fig.  3  it  will  be  seen  that  for  a  uniform  load  the  nuutimum  shear  in  the  paad 
will  occur  when  the  uniform  load  extends  from  the  right  abutment  to  that  point  in  the  pand  where 
the  line  2-3  passes  through  the  line  1-4  (where  the  shear  changes  sign).  For  a  mininium  diear 
in  the  panel  (maximum  shear  of  the  opposite  sign)  the  load  should  extend  from  the  left  abutment 
to  the  point  in  the  panel  where  the  shear  changes  sign.  For  equal  joint  loads,  load  the  longer 
segment  for  a  maximum  shear  in  the  panel,  and  toad  the  shorter  segment  for  a  minimuin  dicar 
in  the  panel. 

M'^miim  Floorbeam  Reaction. — It  is  required  to  Rnd  the  manmum  load  on  the  Aoorbcam 
at  2'  in  (a)  Fig.  4  for  the  loads  carried  by  the  floor  stringers  in  the  panels  I'-a'  and  2-3'. 


(a) 

FiG.  4.    Influence  Diagram  1 


!■  Pi  e       .r^ 

ird,jVd.-i3 

'"^  (b) 

I  Maximum  Floorbkam  Rbaction. 


In  (a)  the  diagram  1-3-3  ■■  the  influence  diagram  for  the  shears  at  3'  due  to  a  unit  load  at 
any  point  in  either  panel.  In  (b)  the  diagram  1-2-3  is  the  influence  diagram  for  bending  moment 
at  3'  for  a  unit  load  at  any  point  in  the  beam.  Now  the  diagram  in  (a)  differs  from  the  diagram 
in  (b),  only  in  the  value  of  the  ordinate  3-4.  It  will  be  seen  that  the  reaction  at  2'  in  (a)  may  be 
obtained  from  the  diagram  in  (b),  for  any  system  of  loads,  if  the  ordinates  are  multiplied  by 
(ffi  +  dt)ldi-dt.  We  can  therefore  use  diagram  (b)  for  obtaining  the  maximum  floorbeam  re- 
action, if  we  multiply  all  ordinates  by  (di  +  dtVdvdt. 

To  obtain  Ae  maximum  floorbeam  reaction,  therefore,  take  a  simple  beam  equal  to  the  sum  0/  He 
(uw  panel  lengths,  and  find  the  maximum  bending  moment  at  a  point  in  the  beam  correspondiug  to 
the  panel  point.  This  maximum  moment  muUtplied  by  (di  +  d^jdi-dt  mill  be  the  maximum  floor' 
beam  reacUtm.  If  the  two  panels  are  equal  in  length  the  maximum  bending  moment  at  the  center 
□f  the  beam  multiplied  by  2/<J,  where  d  is  the  panel  length,  will  give  Che  maximum  floorbeam 


Harlmtim  Homent  In  the  Unloaded  Chord  of  a  Throng  Wuren  Trass.— Let  Pi  in  Fig.  5 
represent  the  summation  of  the  moving  loads  on  the  left  of  the  panel  4'-s',  Pt  represent  the  sum- 
mation of  the  moving  loads  on  the  panel,  and  Pi  represent  the  summation  of  the  moving  loa<b 
to  the  right  of  the  panel.  The  influence  diagram  for  the  point  2  is  the  diagram  I-4-5-3,  the  lines 
1-4  and  5-3  are  the  same  as  (or  a  point  on  the  loaded  chord,  while  the  influence  line  lor  the  panel 
4'-5'  is  the  line  4-5. 

Now  the  bending  moment  at  3  due  to  the  three  loads  is 

M  -  Pi-y.  +  Pt-yt  +  P,yt  (ii) 

Now  move  the  loads  Pi,  Ft,  P%  a  short  distance  to  the  left,  the  distance  being  aasumed  ao 
■mail  that  the  distributbn  of  the  loads  will  not  be  changed,  and 

M  +  dli-  J>,(y,  -  dy.)  +  P,(y,  -  d„)  +  P.O-,  +  dy,)  (ijl 

Subtracting  (i  i)  from  (la),  and  solving  for  a  maximum 

((if  -  -  P.dyi  -  P.-dyt  +  P.dy,  -  o  (,jl 

Now  dy,  —  dx-taa  oi,  dyi  —  dx-tan  ai,  and  dyt  ••  dx-taa  at. 
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. .,  -  (L  -  .,iL. ».  „  -  ./4  „d  u» ..  -  "^-"■-'+"i";---'°-"" 

duim,  -  (L-&  -  a-l)IL-l. 
Substituting  the  values  of  tan  ai,  tan  at  and  tan  at  in  (13)  we  have 

-  P,(L  -  a)IL  -  P,(L-b  -  a-DIL-l  +  Pt-ajL  -  o 
Solving  and  placing  P  =  /"i  +  J>i  +  J>i,  we  have 


Equation  (14)  is  the 

K » 


PIL  -(P,l  +  p,-b)h-l 

required. 


h-b-tl 
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,' 
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Fig.  5.     Influence  Diagkah  for  Moments  in  the  Unloaded  Cbord  of  a  Through 
Warren  Truss, 

Mn»*"V""  Stresses  in  a  Bridge  with  Inclined  Chords. — Let  Via,'  be  a  web  member  in  a  truss 
with  inclined  chorda  in  Fig.  6.  Point  A  is  the  intersection  of  the  upper  chord  Vt  Ui  and  the  lower 
chord  3'4'.  The  stress  in  Ut^'  equals  the  moment  of  the  external  forces  about  the  p<Hnt  A, 
divided  by  the  arm  c.  The  Btreas  in  the  web  member  fi4'  will  then  be  a  maximum  when  the 
bending  moment  at  j4  is  a  maximum.  To  draw  the  moment  influence  diagram  for  the  point  A, 
calculate  the  bending  moments  about  A  (or  the  unit  loads  at  3'  and  4'.  With  a  load  unity  at  4' 
the  moment  at  ^l  is  (L  —  a  —  VjelL,  and  with  a  load  unity  at  2'  the  moment  at  A  a  (L  —  a)elL 
—  (a  +  e),  a  negative  quantity.  Laying  oflf  4-6  and  2-7  equal  to  these  moments,  the  influence 
diagram  for  bending  moment  at  A  is  the  polygon  1-2-4-5. 

The  maximum  stress  in  I/14'  occurs  when  some  of  the  wheels  at  the  head  of  the  train  are  in 
the  panel  3'^',  and  in  unusual  cases  only,  when  a  load  is  to  the  left  of  i'.  Load  Pt  representing 
the  summation  of  the  loads  to  the  left  of  4'  will  always  come  in  the  panel  2'4'.  Load  P|,  repre- 
senting the  summation  of  the  loads  to  the  right  of  the  panel,  will  always  come  to  the  right  of  the 
panel  3'4'.     Now  the  moment  at  i4  is 

M  •=  Pt-yt  +  P,-y,  (15) 

Now  nx>ve  the  loads  a  differential  distance  to  the  left,  it  being  assumed  that  the  distribution  of  the 
loads  is  not  changed,  and 

M  +  dM  =  P,(yt  -  dyt)  +  P,(y,  +  dy»)  {16) 

Subtracting  (15)  from  (16),  and  solving  for  a  maximum  we  have 

dM  =  -  Pfdyt  +  P,dy,  -  o  (I7> 
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Now  ityt  ■■  dx-tao  at,  and  dyi  —  dx-t 


and  UP  -  P,  +  P^ 


-PtUna,  +  P,l 


>  (18) 

/"/(s-a)  =  f./{3-6)  (19) 

Now  tan  ai  =  -  (l-e(L  -a  —  e)ll,  and  tan  ort  =  e/L,  and  substituting  in  (18)  we  have 

PIL  =  P.Ci  +  a/eyi  (20) 

which  is  the  criterion  required. 

Now  for  a  uniform  load  the  maxiinum  atress  in  the  member  (/)4'  will  occur  when  the  truss  ■• 
loaded  from  the  right  abutment  to  the  point  3',  while  the  minimum  stress  will  occur  when  the 
load  extends  from  the  left  abutment  to  the  point  3'.  The  critical  point  3  can  be  calculated  by 
drawing  the  lines  M-a'-i'  and  If-^'-3'.  For  wheel  loads  no  load,  should  in  general,  pass  3' 
from  the  right  to  give  a  maximum  stress  in  the  member. 


Fic.  6. 

By  substituting  e  «  n  in  (so)  we  have  the  criterion  for  maximum  shear  in  a  panel  of  a  bridge 
with  parallel  chords. 

Resolution  of  file  Shear. — in  Fig.  7  the  stresses  U,  D  and  L  hold  in  equilibrium  the  external 
forces  on  the  left  of  the  section  cutting  these  members.  These  external  forces  consist  of  a  left 
reaction,  R,  at  the  left  abutment  and  a  force  at  3,  equal  to  the  reaction  of  the  stringer  3-3.  The 
resultant,  S,  a(  these  two  forces  acts  at  a'  point  a  little  to  the  left  of  the  left  reaction.  Its  pontkn 
may  be  determined  by  moments.  Referring  to  Fig.  7,  let  the  resultant,  S,  be  replaced  by  the 
two  forces  Pi  and  Pt,  Pi  acting  upivards  at  1  and  Pi  acting  downward  at  3  as  shown.  Now  takii^ 
:8  about  point  i,  and 

Sa  ~P,l  (ai) 


Now  the  bending  it 


It  at  1  equals  ^1,  and 
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MOMENT  DIAGRAM. 
Similady  by  taking  moments  at  3,  we  have 


where  S"  shear  in  panel. 


.  P,t.  but  S{o,  +  /)  -  M,,  and  P,  -  ifi/i 

S  -  Pi  -  Pi  -  Mill  -  U,ll 
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Fig.  7. 

Homent  Dlngnm. — A  mameDt  diagram  (or  Cooper's  Class  E60  loading  is  given  in  Table  II, 
the  loading  (or  maximum  momeut  at  joints  in  the  loaded  chord  of  truss  bridges  is  given  in  Table  III, 

The  details  of  the  calculation  of  the  stresses  in  a  bridge  with  parallel  chords  is  given  in 
Problem  3j,  Chapter  VII,  and  the  details  of  the  calculation  of  the  stresses  in  a  bridge  with  in* 
clioed  chords  is  given  in  Problem  34,  Chapter  VII. 
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CHAPTER  V. 

Stresses  in  Lateral  Systems. 

IntrodoctioiL — The  wind  loads  on  bridges  are  carried  to  the  abutments  by  the  UteraJ  systems. 
In  a  through  truss  bridge  the  lateral  systems  usually  consist  of  the  top  lateral  system,  the  bottom 
lateral  system,  the  intermediate  bents  or  sway  bracing  between  the  intermediate  poets,  and  the 
portals  in  the  planes  of  the  end-poets  as  shown  in  Pig.  i.  Chapter  VIII.  In  shallow  through  truss 
bridges  the  sway  bracing  is  sometimes  omitted;  in  deck  trusses  the  portals  are  replaced  by  sway 
bracing;  while  iA  low  trusses  the  bottom  lateral  system  only  is  used. 


yyi 


f   .f    f    f    ,f    i"     ^-"^ 


l/ihS 

•i?j/^ 

\ 

X 

X 

X 

\K»/>Jtf 

n 

Windw 

K 

\ ' 

y^e 

'9y/ 

\ 

X 

X 

X 

\»ii.» 

L 

eenara 

7rvi3 

i. 

.  f' 

X 

X 

X 

X 

X 

Wind  Loads.— The  wind  loads  are  usually  given  in  specifications  as  a  certain  number  of 
pounds  per  lineal  foot  of  bridge  or  per  square  foot  of  exposed  surface.  The  wind  load  is  usually 
taken  at  30  lb.  per  square  foot  of  exposed  surface  when  the  live  load  is  on  the  bridge  and  at  50 
lb.  per  square  foot  of  exposed  surface  when  the  bridge  is  unloaded. 

The  usual  specification  for  highway  bridges  is:  A  wind  load  of  150  lb.  per  lineal  foot  of  bridge 
on  the  unloaded  chord  to  be  treated  as  a  dead  load,  and  a  wind  load  of  300  lb.  per  lineal  foot  of 
bridge  on  the  loaded  chord,  150  lb,  of  which  is  to  be  treated  as  a  dead  load  and  150  lb.  to  be  treated 
as  a  live  load.  In  railroad  bridges  the  dead  load  wind  is  usually  taken  the  same  as  for  highway 
bridges,  while  the  live  load  wind  is  taken  at  450  lb.  to  600  lb.  per  lineal  foot.  For  extracts  from 
standard  speciGcations,  see  Chapter  IX. 

STRESSES  IN  LATERAL  SYSTEMS.— In  the  through  Pratt  truss  bridge  in  Fig.  t  the 
wind  joint  loads  on  the  upper  chord  are  equal  to  U,  while  the  joint  loads  on  the  lower  chord  are 
equal  to  L.     Where  sway  bracing  is  used,  part  of  the  upper  chord  loads  are  transferred  to  the  lower 
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lateral  system  by  the  sway  bracing.  The  exact  amount  thus  transTerred  is  statically  indeter- 
minate, but  is  usually  assumed  as  UI2  at  all  joints  having  sway  bracinE-  This  load  (7/a  in/Nluces 
a  vertical  load,  K,  at  each  jdnt  in  the  vertical  trusses,  which  acts  downward  on  the  leeward  and 
upward  on  the  windward  side  of  the  bridge.    Each  portal  transfer  the  load  carried  to  the  hip 


joint  by  the  upper  lateral  system,  and  the  load  at  the  hip  joint  to  the  abutments.  This,  produces 
a  tension  V-tin  ffin  the  bottom  chord  on  the  leeward  side  andacompresuon  K-sin  9in  thebottom 
chord  on  the  windward  side. 

In  addition  to  the  wind  loads  on  the  top  chord  that  are  transferred  to  the  bottom  lateral 
system,  the  wind  load  on  the  train  of  can  on  steam  and  electric  railway  bridges,  increases  the 
loading  on  the  vertical  trusses  on  the  leeward  side  and  decreases  the  loading  on  the  windward 
Nde  of  the  bridge  as  shown  in  Fig.  2.  This  increase  or  decrease  in  vertical  loading  can  be  calcu- 
lated by  taking  moments  about  the  line  of  the  pins  in  the  lower  chord.  The  wind  load  acting  on 
the  train  is  usually  specified  as  applied  six  feet  above  the  base  of  the  rail. 

\ 


^I\>IXIXIXIXIXIV\^ 


^:\-ixhy^Mxt>4xKi 

L-s-J 


Fig.  3. 

Skew  Bkidgb. 

Kew  Mdfe.— In  a  skew  bridge  the  abutments  are  not  at  right  angles  to  the  center  li 
of  the  bridge.     This  gives  a  warped  portal,  and  ties  which  are  not  vertical  unless  the  bridge 
dtewed  one  entire  panel  as  is  shown  in  Fig.  3,  which  is  the  common  practice. 
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STRESSES  IN  LATERAL  SYSTEMS. 


Chap.  V. 


Initial  Stresses. — In  (a)  Fig.  4  the  diagonal  lateral  rods  have  an  initial  atresa  of  10,000  lb. 
in  each  rod.  In  (b)  the  lateral  truss  is  loaded  with  loads  of  12,000  lb.  at  joints  B,  C  and  D,  pro- 
ducing stresses  as  shown.  In  (c)  the  combined  atresses  due  to  direct  loads  and  the  initial  stresses 
are  shown.  The  stressea  in  the  chords  and  struts  can  now  be  calculated  by  algebraic  rescJution. 
The  stresses  are  combined  as  follows:  In  panel  B-C  each  rod  ha.t  an  initial  stress  of  10,000  lb., 
and  in  addition  must  transfer  a  wind  shear  of  6,000  lb.  or  an  inclined  stress  of  9,000  lb.  Half  of 
the  9,000  lb.  or  4,500  lb.  will  be  added  to  the  initial  stress  in  Be,  making  the  stress  —  14,500  lb.. 


(a)  .i 


Sfftixs  h  Diagofab  doe  to  Im'tia/  Tertsioa 

5\li000    C\l2000    D\r2000       E 


/itmsecS'/aoooibi. 

SfiTiStJ  in  Dmgonah  due  to  Wind  Load 

"' 0^2000     D\l2m      £ 


CombmedStmstsn&ttoMnd  and^iHal'Rnim 
Fig.  4. 

while  4,500  lb.  will  be  subtracted  from  the,  initial  stress  in  Ch,  making  the  stress  -~  5,500  lb. 
In  panel  A-B  the  initial  stress  in  aB  is  entirely  relieved  by  the  direct  stress,  while  the  initial  stress 
in  Ah  is  increased  by  the  direct  stress  remaining  after  the  initial  stress  of  10,000  lb.  was  relieved 
in  aB,  or  17,000  lb.,  making  the  total  stress'  in  .46  —  —  10,000  —  17,000  =  —  27,000  lb.,  the 
same  as  if  there  had  been  no  initial  stress  in  the  panel.  This  solution  is  based  on  the  mathematical 
principle  "  TAoJ  1/  a  load  may  be  carried  from  arte  point  to  another  by  more  than  one  route,  it  mil 
be  divided  between  the  routes  in  proportion  to  the  rigidities  of  the  routes."  In  the  problem  above  the 
two  routes  are  assumed  to  have  the  same  rigidities. 

PORTALS. — Portal  bracing  is  placed  at  the  ends  of  through  bridges  in  the  planes  of  the 
end-posts  to  transfer  the  wind  loads  from  the  upper  lateral  system  to  the  abutments.  The  stresses 
in  the  sway  bracing  placed  in  the  planes  of  the  intermediate  posts  are  calculated  in  the  same 
manner  as  the  stresses  in  portal  bracing.  Portal  bracing  should  be  designed  so  that  the  stresses 
will  be  statically  determinate.  Several  different  types  of  portals  are  shown  in  Fig.  5.  Types  (a), 
(b)  and  (d)  are  the  types  most  used  for  highway  bridges.  The  lower  ends  of  the  end-posts 
may  be  hinged  (free  to  turn),  or  fixed.  The  criterion  for  determining  whether  the  end-posts 
are  fixed  or  not  will  be  discussed  in  Chapter  VL 

Case  L    Stresses  in  Simple  Portals :    End-posts  Hinged.— The  deSectiom  of  the  pests  in 
the  portals  shown  in  Fig.  5  are  assumed  to  be  equal,  and 
H  mH'  -  RI2 

Taking  moments  about  the  foot  of  the  windward  post 

K'  -  -  V  =  R-hls  (I) 

Having  found  the  external  forces,  the  stresses  in  the  members  may  be  found  by  either  algebraic 
or  graphic  methods.  ,  ,  . 
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Alcflbtaic  Solution.  Portoi  (a). — To  obtain  the  stress  in  member  G-C,  (a)  Fig.  5,  pass  a 
section  cutting  G-F,  E-F  and  G-C,  and  take  moments  of  the  external  (orccs  to  the  right  of  the 
section,  about  point  F  as  a  center. 

G-C-  -  H-kn(h  -  d)  an  8]  (a) 

But  H  «  Sl3,  and  (h  ~-d)sina  -  Ji-cos  a.    Substituting  these  values  in  (a)  we  have 

G-C  -  -  R-hl(,s-coa  fl)  -  -  K-sec  $  (3) 

Resolving  at  C  and  ^  we  have,  stress  in  E-F  ■•  o,  and  also  stresses  E-E'  and  H-E'  —  o. 
To  obtain  stress  in  C~D,  pass  section  cutting  H-G,  H-E'  and  G-D,  and  take  moments  of  the 
external  forces  to  the  left  of  the  section,  about  point  /f  as  a  center. 

G-D  -  H-hIKh-  d)  sin  fl|  -  +  F-sec  fl  {4) 

To  obtain  stress  in  G-F,  pass  a  section  cutting  G-F,  E-F  and  G-C,  and  take  moments  of 
the  external  forces  to  the  right  of  the  section,  about  point  C  as  a  center 

G-F~  +  [Rih  -d)+  H-mh  -d)  (5) 

To  obtain  stress  in  H-G,  pass  a  section  cutting  H-G,  H-E'  and  G-D,  and  take  moments  of 
the  ertemal  forces  to  the  left  of  the  section,  about  the  point  D  as  a  center. 

H-G  -  ~  H-dHh  -  d)  (6) 

The  stress  in  the  windward  post,  A-F.  is  zero  above  and  V  below  the  foot  of  the  knee  brace 
C;  tbe  stress  in  the  leeward  post  is  zero  above  and  V  below  the  foot  of  the  knee  brace  D. 

The  shear  in  the  poets  is  H  below  the  foot  of  the  knee  brace,  and  above  the  fool  of  the  knee 
brace  is  ^ven  by  tbe  formula 

S  =  BdHh  -d)  -  stress  in  H-G  (?) 
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The  maximum  moment  in  the  postB  occurs  at  the  foot  of  the  knee  braces  C  and  D,  and  ia 
U  =  Hd  (8) 

For  the  actual  streasea,  moments  and  shears  in  a  portal  ol  this  type,  see  Fig.  6. 

Portal  (b).— The  stresses  in  portal  (b)  Fig.  5,  are  found  in  the  same  manner  as  in  portal  (a). 
The  graphic  solution  of  a  similar  portal  with  one  more  panel  is  given  in  Fig.  7,  which  see-  It 
should  be  noted  that  all  members  are  stressed  in  portals  (b)  and  (d). 

Porlai  (c).^The  stresses  in  portal  (e)  Fig.  5,  may  be  obtained  (l)  by  separating  the  portal 
into  two  separate  portals  with  simple  bracing,  the  stresses  found  by  calculating  the  separate 
simple  portals  with  a  load  —  \R,  being  combined  algebraically,  to  give  the  stresses  in  the  portal; 
or  (2}  by  assuming  that  the  Btresses  are  all  taken  by  the  system  of  bracing  in  wUch  the  diagonal 
ties  are  in  tension.     The  latter  method  Is  the  one  usually  employed  and  is  the  simpler. 

Maximum  moment,  shear  and  stresses  in  the  posts  are  given  by  the  same  formulas  as  in  (a) 
Fig.  5- 

Porlal  («). — In  portal  (e)  Fig.  S,  the  flanges  C-^and  II-C are  assumed  to  take  all  the  bending 
moment,  and  the  lattice  web  bracing  ia  assiimed  to  take  all  the  shear.  The  maximum  compresHOn 
in  the  upper  flange  G-P  occurs  at  F,  and  is 

G-F-  +  lR(h  -d)+  H-<I\l{k  -  d)  (9) 

The  maximum  tension  in  the  uf^r  flange  G-F  a 

G-F  -  -  H-dl<Ji  -  i)  (10) 

The  maximum  stress  in  the  lower  flange  D-Cis 

D-C=  ±H-hlik-d)  (lO 

maximum  tension  occurring  at  C,  and  maximum  compression  occurring  at  D. 

The  maximum  shear  in  the  portal  strut  is  V,  which  ia  assumed  as  taken  equally  by  the  lattice 
members  cut  by  a  section,  as  a~a. 

Maximum  moment,  shear  and  stresses  in  the  posts  arc  given  by  the  same  formulas  as  in  (a) 
Fig-  5- 

Porlat  (/).— The  maximum  moment  in  the  portal  stmt  I-Fia  (f)  Fig.  $,  occurs  at  H  and  C, 

M  -  +H-A  -  V-a  (12) 

The  maximum  direct  stress  in  H-G  is  +  H,  and  in  I-H  is 

I-H  -  -  H-dKk  ~  d)  (13) 

The  maximum  stress  in  G-Fn  given  by  formula  (5). 

The  maximum  shear  in  girder  I-~F  is  equal  to  V.  To  calculate  direct  stress  in  I-D,  take 
moments  about  H,  and  stress  1-D  -  (Hk  -  V-a)  +a-  H-k/a  -  V.  The  stress  ia  H-D 
is  (H-fc/a  -  V  +  F)  sec  *  =  (H-h/a)  sec  8. 

Portal  strut  I-F  is  designed  as  a  girder  to  take  the  maximum  moment,  shear  and  direct  stress. 

Maximum  moment,  shear  and  stresses  in  the  posts  are  given  by  the  nme  formulas  as  in 
(a)  Fig.  5. 

Graphic  Solution. — To  make  the  solution  of  the  stresses  statically  determinate,  replace  the 
posts  in  the  portals  with  trussed  framework  as  in  Fig.  6.  The  stresses  in  the  interior  members 
are  not  affected  by  substituting  the  dotted  members,  and  will  be  correctly  given  by  graphic 
resolution. 

As  before  ff  -  fl"  -  JVa  and  F  =■  -  F  =  Rhis. 

Having  the  calculated  H,  H',  V  and  V',  the  stresses  arc  calculated  by  graphic  resolution  as 
follows:  Beginning  at  the  base  of  the  column  A,  lay  off  A-^  =  K  =  3,000  lb.  acting  downward. 
and  A-a  —  H  -•  1,000  lb.  acting  to  the  right.  Then  a-i  and  4-1  are  the  stresses  in  membcra 
a-i  and  4-1,  respectively,  heavy  lines  indicating  compression  and  light  lines  tension.     At  joint  in 
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auxiliary  truss  to  right  of  C  the  streea  m  \~a  is  known  and  stresses  in  i-3  and  3-a  are  found  by 
closing  the  polygon.  The  stFeaaeB  in  the  remaining  members  arc  found  in  like  manner,  taking 
ioints  C,  E,  F,  etc.,  in  order,  and  finally  checking  up  at  the  base  of  the  post  B.  The  full  lines  in 
the  stress  diagram  represent  stresses  in  the  portal;  the  dotted  lines  represent  stresses  in  the 
auxiliary  members  or  stieaaes  in  members  due  to  auxiliary  members,  and  are  of  do  consequence. 
The  shears  and  moments  are  shown  in  the  diagram. 
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SliDide  Ports!  u  a  Tbree-Snged  Arch.— In  a  nmple  portal  the  resultant  reactions  and  the 
external  load,  R,  meet  in  a  paint  at  the  middle  of  the  top  strut,  and  the  portal  then  becomes  a 
three-hinged  arch  ("[Design  of  Steel  Mill  Buildings,"  Chapter  XIII),  provided  there  is  a  joint 
at  that  point  (point  b.  Fig.  7). 
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In  Fig.  7  the  reactiona  were  calculated  giaphically  and  the  Btreases  in  the  portal  were  lalco- 
ed  by  graphic  resolution.     Full  lines  in  the  atresa  diagram  represent  required  s 


Columns  Hinged 

Stress  Diagram 

1000  eoce  sooo 


Fig.  7. 

members.    Stresses  3-3  and  1 1-12  were  determined  by  dropping  verticals  from  poiots  3  and  it 
to  the  load  line  4-10. 

Caae  n.  SlT«sMa  in  Simple  PoTtals.  Posts  Fixed.— The  calculation  of  the  stresses  id  a 
portal  with  posts  fixed  at  the  base  is  similar  to  the  calculation  of  stresses  in  a  transverse  bent  with 
columns  fixed  at  the  base.*    The  point  of  contra-fiexure  is  at  the  point 

'•-wafers  .    '•" 

measured  up  from  the  base  of  the  post,     The  point  of  contra-Rexure  is  usually  taken  at  a  point 
a  distance  dl2  above  the  bases  of  the  posts. 

*  See  the  author's  book  "The  Design  of  Steel  Mill  Buildings,"  Chapter  XL 
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T^e  stresses  in  a  portal  with  posts  fixed  may  be  calculated  by  considering  the  posts  hinged 
at  the  point  of  contra-Hexure  and  solving  as  in  Case  i. 
A^bralc  Stdntion. — In  Fig.  8  we  have 

H  ~  H'  -  Rl2 

f--r-^i^  (.5) 

Having  found  the  reactions  H'and  IT,  Kand  V,  the  stresses  in  the  members  are  found  by 
taking  moments  as  in  (a)  Fig.  5,  considering  the  posts  as  hinged  at  the  point  of  contra -flexure. 
The  shear  diagram  for  the  posts  is  as  shown  in  (a)  and  the  moment  diagram  as  in  (c),  Fig.  8. 

Gr^iic  Solution. — The  stresses  in  the  portal  in  Fig.  S  have  been  calculated  by  graj^iic 
resolution.  This  problem  is  solved  in  the  same  manner  as  the  Nmple  portal  with  hinged  posts 
in  Fig.  6. 

For  the  calculation  of  the  stresses  in  a  portal,  see  Problem  aj.  Chapter  VII. 
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CHAPTER  VI. 

Stresses  in  Piks,  Eccentric  and  Combined  Stresses,  Deflection  of 
Trusses,  Stresses  in  Rollers,  and  Camber. 

STRESSES  IN  PIUS. — A  pin  under  ordinary  conditions  ia  a  short  beam  and  must  be  de- 
signed (i)  for  bending,  (2)  for  shear,  and  (3)  (or  bearing.  If  a  pin  becomes  bent  the  distribution 
of  the  loads  and  the  calculation  of  the  stresses  are  very  uncertain. 

The  cross-bending  stress,  S,  is  found  by  means  of  the  fundamental  formula  for  flexure, 
S  '^M-c/I,  where  the  maximum  bending  moment,  M,  is  found  as  explained  later;  /  is  the  moiDent 
of  inertia:  and  c  is  one-half  the  diameter  of  a  solid  or  hollow  pin. 

The  safe  shearing  stresses  given  in  standard  specifications  are  for  a  uniform  distribution  of 
the  shear  over  the  entire  cross-aection,  and  the  actual  unit  shearing  stress  to  be  used  in  designing 
will  be  equal  to  the  maximum  shear  divided  by  the  area  of  the  cross-section  of  the  |»n. 

The  bearing  stress  is  found  by  dividing  the  stress  in  the  member  by  the  bearing  area  of  the 
pin,  found  by  multiplying  the  thickness  of  the  bearing  (dates  by  the  diameter  of  the  pin. 

CtJcuUtioii  of  Stresses. — The  method  of  calculation  will  be  illustrated  by  calculating  the 
stresses  in  the  pin  at  Ui  in  (a)  Fig.  t.     In  the  complete  investigation  of  the  pin  £/|,  it  would  be 
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:o  calculate  the  stresses  when  the  stress  in  I/i(/i  wasamasinium,  and  wheo  the  stress  in 
UiLt  was  a  mazimum.  Only  the  case  where  the  aticie  in  UiUt'aa  nuudmum  will  be  considered. 
However,  maximuni  streaBes  in  pins  sametimea  occur  when  the  stress  in  UiLi  is  a  maximum,  and 
this  case  should  be  considered  in  practice. 

Bending  HomenL — The  stresaes  in  the  members  are  shown  in  (c)  Fig.  I,  which  gives  the 
force  polygon  for  the  forces.    The  makeup  of  the  members  is  shown  in  (a),  and  the  pin  packing 
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Stresses  in  a  Pin;  Graphic  Solution. 


e  applied  one-half  on  each  u'de  of  the 
are  assumed  as  applied  at  the  centers 


on  one  side  is  shown  in  (b).  The  stresses  shown  in 
member,  the  fHn  acting  like  a  simple  beam.  The  si 
of  the  members. 

Algebraic  Method. — The  amounts  of  the  forces  and  the  distances  between  their  points  of 
apFrfication  as  cakuiated  from  (b)  are  shown  in  (d)  Fig.  I,  The  horizontal  and  vertical  compo- 
nents of  the  forces  are  considered  separately,  the  maximum  horizontal  bending  moment  and  the 
maximum  vertical  bending  moment  are  calculated  for  the  same  point,  and  the  resultant  moment 
is  then  found  by  means  of  the  force  triangle. 

tn  (d)  the  honzontal  bending  moments  are  calculated  about  the  points  I,  3, 3, 4:  the  maximum 
horizontal  moment  is  to  the  right  of  3,  and  is  3o8,6oo  in.-lb.    The  vertical  bending  moments  are 
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calculated  about  points  5,  6,  7,  8;  the  maximum  vertical  bending  moment  is  to  the  right  of  8, 
and  19  283,000  in.-)b.  The  maximum  bending  moment  is  at  and  to  the  right  of  4  and  8,  and  ii 
Vao8,6oo'  +  rfa^ooo"  =  35'.6oo  in.-lb.  Substituting  in  the  formula  5  -  Jf-c//,  the  maximum 
bending  Ertress  is  5  =  16,600  lb.  The  allowable  bending  stress  for  which  this  bridge  was  designed 
was  18,000  lb.  per  square  inch. 

Graphic  Method. — The  amounts  of  the  forces  and  the  distances  between  their  points  of 
application  are  shown  in  (b)  Fig.  2.  The  force  polygon  for  the  horizontal  components  ts  given 
in  (c),  and  the  bending  moment  polygon  is  given  in  (a).  The  maidmum  horizontal  bending 
moment  will  be  to  the  right  of  3,  and  will  be  //  X  y  =  3oo,ooo  X  I.04  -  308,000  in.-lb.  The 
force  poly^n  for  the  vertical  forces  is  given  in  (d),  and  the  bending  moment  polygon  is  given  in 
(e).  The  manmum  vertical  bending  moment  is  to  the  right  of  8,  and  laH  y.  y  "  3O0,0O0  X  I.43 
=  284,000  in.-lb.  The  maximum  bending  moment  will  occur  at  and  to  the  right  of  4  and  8, 
and  will  be  351,000  in.-lb,,  aa  shown  in  (f). 

Sh«ar.— The  shear  is  found  for  both  the  horizontal  and  vertical  components  as  in  a  simple 
beam,  and  is  equal  to  the  summation  o[  all  the  forces  to  the  left  of  the  section.  The  horizontal 
shear  diagram  is  shown  in  (g),  and  the  vertical  shear  diagram  is  shown  in  (h)  Fig.  2.  The  maxi- 
mum horizontal  shear  is  between  i  and  3,  and  is  165,400  lb.  The  shear  between  2  and  3  is 
165,400  —  99,300  -  66, 100  lb.  The  maximum  vertical  shear  is  between  6and  7,  and  is  126,300  lb. 
The  resultant  shear  between  2  and  3,  and  6  and  7.  is  >/i  26,300'  -|-  66,100*  —  145,000  lb.  as  in 
fi),  which  is  less  than  the  horizontal  shear  between  I  and  2.  The  maximum  shear,  therefore, 
comes  between  i  and  3,  and  ia  165,400  lb.  The  maximum  shearing  unit  stress  is  5,750  lb.  The 
allowable  shearing  stress  was  9,000  lb. 

Bearing.— The  bearing  stress  in  Z*I/i  is  160,650  +  6  X  1.94  =  I3.80O  lb.  Bearing  stress 
in  U\Ui  is  165,400  +  6  X  1.88  =  14,600  lb.  Bearing  stress  in  U\Li  is  4^,200  -fr  6  X  0.89  ■• 
7,900  lb.  Bearing  stress  in  V,Lt  is  107,000  -r  6  X  lA  =  13.400  'b.  The  allowable  bearing 
stress  was  15,000  lb.  per  sq.  in. 

COHBIHED  AHD  eccentric  stresses.— The  combined  stress  due  to  direct  and 
cross-bending  in  a  tie  or  strut  i^  given  by  the  formula* 


where   P  =  total  direct  stress  in  the  memlxir  in  lb.; 
I  =  length  of  the  member  in  in.; 

/  X  moment  of  inertia  of  the  memlicr  in  in.  to  the  fourth  power: 
c  =  distance  in  in.  from  the  neutral  axis  to  the  most  remote  fiber  on  the  side  for  which 

the  stress  is  desired ; 
£  =  modulus  of  elasticity  of  the  material  in  lb.  per  sq.  in.; 
A  —  area  of  the  member  in  sq.  in.; 
/i  -  fiber  stress  due  to  cross-bending; 
/,  -  P/A  —  direct  unit  stress; 
Jtfi  -  bending  moment  on  the  section  in  in.-lb.; 
k  =  a  coefficient  depending  upon  the  method  of  loading  and  the  condition  of  the  ends, 
and  is  usually  taken  as  10  for  struts  with  hinged  ends,  24  for  struts  with  one  end 
hinged  and  the  other  end  lixed,  and  32  for  both  ends  fixed. 
The  plus  sign  in  the  denominator  of  (1)  is  to  be  used  when  F  is  a  tensile  stress,  and  the  minus 
sign  is  to  be  used  when  P  is  a  compressive  stress.     If  the  member  is  inclined  at  an  angle  9  to  the 
vertical,  the  stress/,  should  be  multiplied  by  sin  t.     For  an  eccentric  stress  the  bending  moment 
•  For  the  derivation  of  this  formula,  see  "Steel  Mill  Buildings,"  Chapter  XV. 
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is  Ml  ~  Pe,  where  P  ia  the  total  direct  etres*  in  the  member  and  e  is  the  eccentricity  of  the  load 
in  in.  (distance  from  the  line  of  action  of  the  force  to  the  neutral  axis  o(  the  member). 

Combined  CompraBalon  and  Crosa-b«nding.— ^The  method  of  calculating  direct  and  cnns- 
bending  stresaes  will  be  illustrated  by  calculating  the  stresaea  in  the  end-post  of  a  bridge.  Fig.  3, 
due  to  direct  compres^on,  weight,  eccentricity  of  loading,  and  wind  moment. 

End-Post — Design  the  end-post,  Fig.  3,  for  a  160  ft.  span  through  highway  bridge.  Panel 
length,  zo'  o";  depth  of  truss  c.  to  c.  of  pins,  34'  o";  length  of  end-poet,  31'  3".  The  direct 
as  followa:   dead  load  stress  =  30,000  lb.;   live  load  stress  —  60,000  lb.;   impact  — 
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Fio.  3.    End-Post  of  a  Highway  Bridge. 


100/(160  -|-  300)  X  60,000  ~  13,000  lb.;  total  direct  stress  due  to  dead  load,  live  load  and 
impact  —  103,000  lb.  The  bridge  is  to  be  a  class  C  bridge  designed  according  to  the  "General 
Specifications  for -Highway  Bridges,"  in  Appendix  I.  From  jjSofthe  specifications  the  allowable 
unit  stress  is  /,  —  16,000  —  70  //r.  The  section  will  be  made  of  two  channels  and  one  cover  plate. 
Try  a  section  made  of  two  to  in.  channels  @  15  lb.,  and  one  14  in.  by  A  in.  plate,  (b).  Fig.  3. 
From  TaUe  17,  Appendix  III,  the  radius  of  gyration  about  horizontal  axis  A-A,  is  ti,  —  3.99 
in,,  and  about  the  vertical  axis  fl-B  is,  ra  —  4.67  in.,  and  the  eccentricity  is,  t  —  I.70  in.     The 

allowable  stress  is  then/,  =  l6,000  -  ^^ ^  =  9,400  lb.  per  sq.  in.     The  required  area  will 

be  —  103,000  +  9,400  »  10.96  sq.  in.  The  actual  area  is  13.30  sq.  in.  While  the  section  ap- 
pears to  be  excessive,  it  will  be  investigated  for  stress  due  to  weight,  eccentric  loading  and  wind 
before  rejecting  it. 

The  area,  radii  of  gyration  and  the  eccentricity  may  be  calculated  as  follows. 

To  calculate  the  area 

area  of  two  10  in.  channels  ~    8.92  sq.  in. 

area  of  one  14  in.  by  A  in.  plate  —    4.38  sq.  in. 

Total  area  -  13.30  sq.  in 
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To  locate  the  neutral  axis  A-A,  take  moDKnts  about  the  lower  edge  of  the  chaimela 

The  eccentricity  is  <  -  6.70  —  5,00  —  1.70  in.  The  moment  of  inertia  Ia,  about  axiB  A-A 
may  be  calculated  aa  follows: 

Let  /•  M  /  of  channels  about  center  of  channels. 
/,  ■•  /  of  plate  about  center  of  plate. 
A,  =  area  of  channels. 
Af  =  area  of  plate. 

Then  Ia  =  I,  +  I,  +  A.  X  1.70^  +  A,  y.  3AS»- 

-  a  X  66.9  +  0.04  +  8.9a  X  1.70"  +  4-38  X  3.456» 

-  133-8  +  0-04  +  25-76  +  S'-'O 

-  aii.eoin.'    ________ 

Then  rA  =  <Ia  ■*■  A  -  V111.80  +  13.3  -  3.99  in. 
The  moment  of  inertia  7s,  about  axis  B-B  may  be  calculated  as  fdlows. 
Let  /.'  —  f  of  channels  about  neutral  axis  parallel  to  the  web. 

/,'  —  /  of  plate  about  vertical  axis. 

A.  —  area  of  channels. 

From  Table  17,  Appendix  III.  the  distance  back  to  back  of  channels  is  8)  in.  The  dlMance 
from  neutral  a:ds  to  back  of  channel  is  0.639  ■*!.  The  distance  from  neutral  axis  of  chaoDel*  to 
axis  B~B  is  4.23  +  0.639  ••  4.889  in.  (4.S9  in.  will  be  used). 

Then  Tb  -  /.'  +  //  +  -4,  X  4.89' 

-  4.60  +  71.46  +  8.93  X  4-89* 

-  4-60  +  71.46  +  213.28 

-  389.34  in-* 

Then  rg  -  V/b  *A  -  ^89.34  -s-  13.3  -  4.67  in. 

Siresi  Dm  to  Weitht  oj  Jlf«»i*w.— The  total  wdglit  of  the  member  will  be 

Two  10  in.  channels  @  15  lb.,  31' 6"  long  —     9451b. 

One  14  in.  X  A  in.  plate  @  14.88  lb.,  30'  o"  long  ■     447  lb. 

Details  and  lacing  about  35  per  cent  -     308  lb. 

Total  Weight.  W  -  1  joo  lb. 

The  bending  moment  due  to  weight  of  member  ts  JV  -  HF-J-sin  S. 
Stress  due  to  weight 

I   -t:^~     J   _l±  ^'' 

■*      loB  ■*      lofi 

The  stress  due  to  weight  in  the  upper  fiber  will  be 

y^  _  \  X  1.700  X  375  X  0.645  X  3-6ia5 


The  stress  due  to  weight  in  the  lower  fiber  is 


/■'  -  -  6.70  X  940  -«■  3.6113 
"  —  1.745  lb.  per  aq,  in. 
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SIrett  Due  to  BcctiUric  Loadini. — The  pins  were  placed  1  inch  above  the  center  of  the  channels, 
ftnd  the  stress  due  to  eccentric  loadioK  will  be 

/  Jf.c     _  P  X  (1.70- 0-5)  Xc  ,  . 

ioS  loE 

The  eccentric  Kreas  in  the  upper  fiber  will  be 

.  _  103,000  X  i.ao  X  3.6125 


■•  —  a.aSo  lb.  per.  sq.  in. 
The  eccentric  streaa  in  the  lower  fibu-  is 

/,  -  +  6.70  X  2,a8o  +  3.6ias 
-  +  4,330  lb.  per  sq.  in. 

The  resultant  stress  due  to  weight  and  eccentric  loading  is  /i  ~  fa  ■¥  ft  ~  +  94"  ~  a,a8o  — 
—  I J40  lb.  in  the  upper  fiber,  and  —  1,745  +  4,^30  -  2,485  lb.  per  sq.  in.  in  the  lower  liber. 

The  allowable  streiB  due  to  weight  and  eccentric  loading  is  greater  than  10  per  cent  of  the 
allowable  stieas  and  must  be  considered,  with  the  allowable  unit  stress  increased  by  10  per  cent. 
The  total  unit  streas  in  the  member  will  be,  /  —  103,000  +  13,30  +  2,485  -  7,752  +  2,485 
->  10,337  lb.  per  sq.  in.     The  allowable  unit  stress  when  weight  and  eccentric  loading  are  con- 
sidered is  9,400  X  1. 10  •■  10,340  lb.  per  sq.  in.,  which  is  sutlicient. 

Streit  Dtit  to  Wind  Moment. — The  stresses  in  the  portaljand  the  direct  wind  stresses  in  the 
end-post,  when  the  end-post  is  assumed  as  [Mn-connected  at  the  base  are  shown  in  ((f)  and  («)  Fig. 
3.  The  end-posts  may  both  be  assumed  as  lixed  if  the  windward  end-post  is  fixed.  To  fix  the 
windward  end-post  the  bending  moment  must  not  be  greater  than  the  resisting  moment  which 
will  be 

Mt  -  Hy,  -  (90,000  -y-  D')al2 

where  V  ^  S,o6o  lb.  and  D'  «  7.000  lb.  the  direct  stress  due  to  wind,  and  a  —  distance  center 
to  center  of  metal  in  the  sides  erf  the  end-post  >  8.S7  in.,  (/},  Fig.  3.  (The  impact  stress  is 
omitted.)     If  ya  is  taken  equal  to  id  >■  10'  o"  «  120  in.,  we  will  have 

2,000  X  lao  S  (90,000  -  5,060  ~  7,060)8.87/2 

which  tnakes  240,000  <  345,600,  and  the  end-post  may  be  assumed  as  fixed  at  the  base. 
The  stress  due  to  bending  moment  due  to  wind  loads  in  the  leeward  end-post  will  be, 


10  X  30,000,000 

The  total  stress  due  to  direct  wind  load  will  be  /■  -  (5,060  -|-  7,ooo)/i3.30  -  +  910  lb.  per 
sq.  in.  The  total  maximum  wind  load  streas  will  come  on  the  windward  fiber  of  the  leeward 
end-post,  and  will  be/,"  -  -I- 6,370  +910  -  -1- 7.280  lb.  per  sq.  in. 

The  maximum  stress  due  to  direct  dead  and  live  loads  (not  including  impact)  and  wind  load 
mil  be 

/  -  90,000  ■^  13.30  -I-  7,280 
-  6,770  +  7,a8o  -  14.050  lb.  per  sq,  in. 
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From  the  specifications  the  allowable  stress  may  be  increased  50  per  cent  wheo  direct  and 
Hexural  wind  stresses  are  considered. 

The  allowable  stress  when  both  direct  and  Hexural  wind  Btresa  are  considered  is  then 
/.  =  9,400  X  1.50  -  14,100  lb.  persq.  in. 

The  stresses  in  the  windward  post  will  be  less  than  in  the  leeward  end-post  calculated  above. 

While  the  section  assumed  appeared  to  be  excewve,  the  additional  area  and  the  width  of 
plate  are  required  to  take  the  flexure  due  to  wind  loads. 

Combined  Tension  and  Cross-bending.— The  stress  due  to  cross-bending  when  the  member 
is  also  subjected  to  dii«ct  tension  is  given  by  the  formula 


/. -- 


(5) 


the  nomenclature  being  the  same  as  in  (1).     The  constant  k  is  taken  equal  to  10  where  the  ends 

Stress  in  a  Bat  Due  to  its  Own  Weight. — Let  b  —  breadth  of  bar  in  inches;  h  —  depth  of 
bar  in  inches:  v  =  weight  of  bar  per  lineal  inch  =  0.3S  b-h  lb.;  ft  =  PIb-h  =  direct  unit  stress 
in  lb.  per  sq.  in. 

We  will  also  have  e    =  ih:  M,  =  ivP;  P  =  f,b-k. 

Substituting  in  (5),  we  have 

{wp'ik  4,900,000ft 


f'-K 


h-b-h.p         /,  +  23,000,000  /h  y 


la   ^  10  X  28, 

where /i  is  the  extreme  liber  stress  in  the  bar  due  to  weight,  and  is  tenaon  in  lower  liber  and  com- 
pression in  upper  fiber. 

II  the  bar  is  inclined,  the  stress  obtained  by  formula  (6)  must  be  multiplied  by  the  sine  of 
the  angle  that  the  bar  makes  with  a  vertical  line.  Formula  (6)  is  much  more  convenient  for  actual 
use  than  formula  (5). 


°3L 


yi  +y* 


/i      4,90o,oooA  4,90o,oooA 

and 

/.  =  I/O-.  +  J.)  (7) 

Fig.  4  gives  values  of  yi  for  different  values  of  /■,  and  values  of  yi  for  different  values  of  the 
length  in  feet,  L.  TTie  values  of  yi  and  yi  can  be  read  off  the  diagram  directly  for  any  value  of 
k,  ft  and  L,  And  then,  if  the  sum  of  yi  and  yi  be  taken  on  the  lower  part  of  the  diagram,  the 
reciprocal,  which  is  the  fiber  stress /1,  may  be  read  off  the  right  hand  side. 

The  use  of  the  diagram  will  be  illustrated  by  two  problems: 

I^OBLEM  I. — Required  the  stress  in  a  4  in,  X  I  in.  eye-bar,  ao  ft.  o  in.  long,  which  has  a 
direct  tension  of  56,000  lb. 

In  this  case,  A  —  4  in.,  Z.  "  ao  ft.  o  in.,  and  ft  —  14,000  lb.  per  sq,  in.  The  stress  due  to 
weight, /i,  is  found  as  follows:  On  the  bottom  of  the  diagram,  Fig.  4,  find  h  ==  ^  inches,  follow  up 
the  vertical  line  to  its  intersection  with  inclined  line  marked,  L  =  20  feet,  and  then  follow  the 
horizontal  line  passing  through  the  point  of  intersection  out  to  the  left  margin  and  find,  yi  —  3,3 
tens  of  thousandths;  then  follow  the  vertical  line,  h  "  4  inches,  up  to  its  intersection  with  inclined 
line  marked,  ft  —  14,000.  and  then  follow  the  horizontal  line  passing  through  the  point  of  inter- 
section out  to  the  left  margin  and  find,  yi  =  7.3  tens  of  thousandths. 
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Now  CO  find  the  reciprocal  of  yt  +  yt  ~  7.3  +  3.3  —  10.5,  find  value  of  yi  -]-  yi  —  10.5 
on  lower  edge  of  diagram,  follow  vertical  line  to  its  ioteraection  with  inclined  line  marked  "Line 
of  Reciprocals"  and  find  stress /i  by  following  horizontal  line  to  right  band  margin  to  be 

/i  —  950  lb-  per  sq.  in. 
By  substituting  in  (6)  and  solving  we  get  /i  ^  960  lb.  per  sq.  in. 

Pboblbh  3. — Required  the  stress  in  a  5  in.  X  }  in.  eye-bar,  30  ft.  O  In.  long,  which  has  a 
direct  tension  of  60,000  lb.,  and  is  inclined  so  that  it  makes  an  angle  of  45*  with  a  vertical  line. 


>5^ 

•-ia 


la II. Depth  of  Bar  in  Inches 
in.X-^ra  in  Tens  of  Thousandths 

Fic  4.     Diagram  for  Finding  Stress  in  Bars  Dub  to  Theis  Own  Weight. 

In  this  case,  A  -  5  in.,  L  =  30  ft.  o  in.,  /i  =  16,000  lb.,  and  6  =  45*.     From  the  diagram, 
Fig.  4,  as  in  Problem  i,  ^^i  =  I.S  tens  of  thousandths,  and  yi  —  6.5  tens  of  thousandths,  and 


hyt)  Xsinfl  -  1,200  Xw 
'  850  lb.  per  sq.  in. 
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Relaliom  Between  k,  /i,  ft  and  L. — For  any  values  of  ft  and  L,  f,  vill  be  a  maxirailin  for  that 
value  of  h  which  will  make  yi  +  71  a  minimum.  This  value  of  h  will  now  be  determined.  Differ- 
entiacing  equation  (6)  with  reference  to  /i  and  k,  we  have  after  solving  for  k  after  placing  the 
first  derivative  equal  to  lero 

*-!.  ■^4.800  (8) 

in  which  k  is  the  depth  of  bar  which  will  have  a  maximum  fiber  stress  for  any  given  values  of  L 
and/.. 

Now  if  we  substitute  the  value  of  k  in  (8)  back  in  equation  (ti),  we  find  that  f,  will  be  a 
maximum  when  yi  «  ji. 

Now  in  the  diagram  the  values  of  yi  and  yi  for  any  given  values  of  /■  and  L  wll  be  equal 
for  the  depth  of  bar,  k,  correBponding  to  the  intersection  of  the  /» and  L  lines. 

It  is  therefore  seen  that  every  intersection  of  the  inclined  /i  and  L  lines  in  the  diagram,  has 
for  an  abscissa  a  value  k,  which  will  have  a  maximum  fiber  stress  /■,  (or  the  given  values  of  /, 

For  example,  for  L  =  30  feet  and  /»  =  12,000  lb.,  we  find  *  =  8.3  inches  and  /i  =  1,700  lb. 
For  the  given  length  L  and  direct  fiber  stress /i,  a  bar  deeper  or  shalloirer  than  8.3  inches  will  give 
a  smaller  value  of /i  than  1,700  lb. 

STRESSES  IN  AH  ECCENTRIC  RIVETED  CONHECTIOK.— In  Fig.  5  the  riveted  connec- 
tion carries  a  stress  of  P  —  10,000  lb.  The  four  rivets  transmit  a  direct  shear  of  10,000  lb.  or 
2,500  lb.  each,  and  a  bending  moment  of  10,000  X  4i  "  45i» 
moment  in  each  rivet  acts  with  an  arm  of  3.8  in.  If  R  is  the  fA 
4Ji  X2.8  =  45,000  in.-lb.,  and  R  -=  4.018  lb. 

The  total  shear  on  rivet  3,  is  4,018  -  3,500  -  1,518*.;  on  rivet  3,  is  4,016  +  a,500  =  6,518 
lb.;  and  on  rivets  1  and  4  —  ^2,500"  4-4,018*  "•  4i74*>  1^- 

If  the  rivets  are  located  at  unequal  distances  from  the  center  of  gravity  of  the  rivets,  let  a 
represent  the  ^ear  on  a  rivet  at  a  unit's  distance  from  the  isnter  of  gravity;  then  the  shear  on  a 
rivet  at  a  distance  cfi  from  the  center  of  gravity  will  be  a-dt,  and  the  reMSting  moment  will  be 
a  d,'.  The  shear  on  a  rivet  at  a  distance  d,  from  the  center  of  gravity  will  be  <!-</>,  and  the  resisting 
will  be  a-d^.    The  total  resisting  moment  of  the  connection  will  then  be  Za-tP  —  M. 


Fig.  5. 

For  the  calculation  of  the  stresses  in  the  Hvets  of  a  standard  riveted  c 
author's  "Steel  Mill  Buildings,"  Chapter  XV. 

DEFLECTION  OF  TRUSSES.— When  the  members  of  a  truss  are  stressed,  the  lengths 
of  the  members  in  compression  are  decreased  in  length,  while  the  members  in  tension  are  increased 
in  length.  These  changes  in  the  lengths  of  the  members  cause  the  upper  and  lower  chord  panel 
points  to  deflect,  while  the  positions  of  all  other  points  are  changed.  If  the  left  end  of  a  bridge 
truss  is  fixed  the  right  end  will  move  if  it  is  resting  on  free  rollers.  To  calculate  the  n 
the  right  end  of  the  truss  proceed  as  follows: 
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In  Fig.  6  the  truss  is  fixed  at  Lo,  aDt)  is  free  to  move- at  Ln',  and  is  loaded  with  a  load  W. 
Under  the  action  oi  the  load,  W  will  move  a  distance  A.  Now  assume  that  all  the  members  ace 
rigid  with  the  exception  of  i->,  which  is  increased  in  lengtH  the  distance  i,  under  the  action  of 
the  external  load  W.  The  movement  of  the  joint  Lt  will  be  A',  and  will  be  due  to  the  change  in 
length  I,  of  the  member  i-y.     Let  H  be  the  horizontal  reaction  necessary  to  bring  U  back  to  its 


orisinal  position,  and  let  V-H  be  the  itreaB  in  the  member  1-7  due  to  the  horizontal  thrust  H. 
Now  the  interna)  work  \i-H'  U  in  shortening  the  member  i-y  to  its  original  length  will  be  equal 
to  the  eKtemal  work  \H-^',  required  to  bring  the  hinge  £«'  back  to  its  original  position,  and 

iff -A'  -  \iH-V 

A'-t-U  (9) 

but  9  —  P-L/B,  where  P  is  the  unit  stress  in  the  member  r-y  due  to  the  load  W;  L  is  the  length 
of  the  member  J-y  in  the  same  units  as  A';  and  E  is  the  modulus  of  elasticity  of  the  material  of 
the  member  in  lb.  per  sq.  in.    Substituting  this  value  of  I  in  (9)  we  have 


where  U  te  the  stress  in  the  member  due 
meastired. 

Now  if  each  one  of  the  remaining  members  of  the  tri 
other  members,  meanwhile  remaining  rigid,  the  distortion  i 
equation  (9'),  2nd  the  total  deformation.  A,  at  Lt'  will  be 

A  -Z(P-U-L/E) 


■  P-  U-LIE 

a  load  unity  at  Lt  acting  i( 


(9') 


s  is  assumed  as  distorted  in  turn,  the 
Lt'  will  be  represented  by  the  general 


(10) 


Alcol>n>ic  S<4iittoa. — It  is  required  to  calculate  the  deflection  of  the  panel  punt  L*  in  the 
lower  chord  of  the  i6o-ft.  span  Pratt  highway  truss  in  Fig.  9,  the  stresses  in  the  members,  the 
ar«aa  of  the  membera,  and  the  lengths  of  the  members  being  given  in  Table  I.  The  stresses  in 
column  4  in  Table  I  are  cakulated  for  a  full  dead  load  and  live  load  on  the  truss.  In  cdumn  5 
values  of  unit  stress,  P,  are  gjven,  in  oriumn  6  values  of  P-L/B  are  given  for  E  «  30,000,000  lb. 
per  aq-  >(*■  1^  values  of  17  in  column  8  w<ere  calculated  by  placing  a  load  of  1  lb.  at  Lx.  The 
values  of  P-  U-L/E  are  given  in  column  9,  and  Z(P-  U-L/B)  is  t  .30  in.  To  calculate  the  deflection 
at  any  other  point,  new  values  of  U  most  be  calculated  for  a  force  of  I  lb.  acting  at  the  point  at 
which  the  deflection  is  to  be  calculated,  and  acting  in  the  direction  that  the  defection  is  to  be 
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Gnphic  S(dutioa. — WOliot  Defomutton  Diagram. — When  the  deformations  of  the  membeTi 
have  been  calculated  the  relative  movements  of  all  the  joints  of  the  structure  may  be  calculated 
by  a  giHphic  diagram.  In  (a)  Fig.  7,  the  point  c  is  connected  with  points  a  and  b  by  lines  i  and  2, 
respectively,  which  undergo  changes  —  di  and  +  ^1,  respectively,  while  the  points  a  and  b  move 
to  new  positions  a'  and  6',  respectively.  It  is  required  to  find  the  new  position  of  the  point  c. 
Now  if  point  a  moves  to  point  a',  point  c  will  move  to  point  c\;  while  if  point  b  movet  to  point  b', 
point  c  will  move  to  point  ct.  Now  line  i  will  be  increased  in  length  by  Ai,  and  line  3  will  be 
n  length  by  Ai.  The  final  location  of  point  c  will  be  at  c*  which  will  be  at  the  inter- 
res  drawn  with  centers  a'  and  b',  and  radii  equal  to  the  new  lengths  of  the  lines  1  and  3, 


Fig.  7. 


Fig.  8. 


respectively.  Since  the  deformations  are  very  small  as  compared  with  the  lenEthfe  of  the  members, 
the  new  location  of  point  c  at  the  point  c'  may  be  found  by  erecting  perpendiculars  at  the  ends  of 
A]  and  A,.  The  conatniction  may  be  accomplished  without  drawing  members  I  and  3,  as  in  (b) 
Fig.  7.  At  point  c  in  (b)  lay  off  c-a'  equal  and  parallel  to  a-a'  in  (a),  and  also  c-b'  equal  and 
parallel  to  5-6'  in  (a).  From  a'  lay  off  Ai  away  from  a'  in  (b),  and  from  6'  lay  off  &t,  toward  6' 
in  (b).  The  new  location  of  c  at  the  ptnnt  c*  will  then  be  found  by  erecting  perpendiculars  at  the 
ends  of  the  deformations  Ai  and  At. 

With  reference  to  signs,  in  Fig,  7,  —  Aj  is  a  lengthening,  and  is  therefore  due  to  tendon,  and 
ie  called  minus,  while  +  ^t  is  a  shortening,  and  is  therefore  due  to  compression  and  is  called  plus. 
In  laying  off  the  deformations  in  the  diagram  it  c  remains  fixed  a  tensile  stress,  and  therefore  a 
minus  deformation  requires  that  point  a'  will  move  away  from  c,  and  a  minus  deformation  should 
therefore  be  laid  off  on  the  side  of  the  point  on  which  the  member  occurs,  while  a  plus  deformation 
should  be  laid  off  on  the  side  of  the  point  opposite  the  side  on  which  the  member  occurs.  The 
diagram  will  be  properly  drawn  if  the  following  rule  is  observed  in  laying  off  the  deformations: 
"Lay  off  minus  deformations — tension  deformations — so  as  to  cause  apparent  shortening  of  the 
member,  and  lay  off  plus  deformations  so  as  to  cause  apparent  lengthening  of  the  member."  The 
assumption  of  minus  for  tensile  stresses  and  plus  for  compressive  stresses  is  therefore  more  con- 
sistent than  the  opposite  assumption,  which  is  made  by  some  writers. 

In  Fig.  8  the  framework  in  (a)  has  deformations  with  signs  as  shown.  With  point  a  assumed 
as  a  fixed  point  and  member  a-b  marked  I ,  assumed  as  a  fixed  axis  the  Williot  diagram  is  con- 
structed as  in  (b)  Fig.  8.  Deformation  Aj  is  plus,  and  is  laid  off  to  cause  apparent  lengthening 
in  member  ar-b,  so  that  point  bi  will  come  at  the  lower  end  and  point  Si  will  come  at  the  upper 
end  of  A,  in  (b). 

To  draw  the  deformation  diagram  for  the  truss  in  Fig.  9,  proceed  as  fdlows:  FIrat  calculate 
Table  1  as  for  the  algebraic  method,  column  7  giving  the  order  in  which  the  members  will  be 
used  in  the  deformation  diagram.  Now  begin  with  the  member  marked  1,  and  lay  off  in  Fig.  9 
the  deformation  of  the  two  members  marked  I  —  +  3  X  0,078  =  +  0,156  in.  parallel  to  the 
member  UtUiU,  to  the  prescribed  scale,  and  mark  the  left  end  V,'  and  the  right  end  Ut.  Now 
lay  off  the  deformation  3  =  —  0.08  in.  from  U,  and  away  from  the  joint  U,,  and  parallel  to  member 


o.Goo^^lc 


DEFLECTION  OF  A  TRUSS. 


65 


2;  and  lay  ofF  derormation  3  ~  —  0.08  In.  From  ^1'  and  away  From  the  joint  {/■',  and  parallel  to 
member  3.  Perpendiculars  erected  at  the  ends  of  deformations  3  and  3  will  meet  in  the  new 
position  of  Li.  The  vertical  diUance  between  Ut  and  Li  in  the  diagram  will  be  the  difference 
in  deflection  of  the  points  Ui  and  Li.  At  Ut  in  the  diagram  lay  off  deformation  4  ■■  +  0'02  in. 
toward  the  joint  Ut  and  parallel  to  member  4,  and  at  Lt  lay  off  deformation  5  —  —  0.131  in. 
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away  from  the  joint  Lt  s.ad  parallel  to  member  5.  Then  perpendiculars  erected  at  the  eada  ai 
deforniations  4  and  5  will  meet  in  the  new  position  ol  Lt.  In  like  manner  perpendiculars  erected 
at  the  ends  ol  deformations  6  and  7  give  the  new  position  of  point  Ui  in  the  diagram,  and  finally 
perpendiculars  erected  at  the  ends  of  deformations  9  and  1 1  will  give  the  new  position  of  the 
point  Lo.  The  deformation  diagram  for  the  right  half  of  the  truss  is  constructed  in  the  same 
manner.  The  increase  in  the  length  of  the  span  is  0.6S6  in.,  while  the  deflection  of  point  Lt 
below  the  abutments  is  i.ao  in.,  as  was  calculated  algebraically.- 

TABLE  I. 
Algebkaic  Calculatiok  of  Deformations. 


M™b«. 

5q"lB. 

isii^ 

s.™.. 

UakStiw 

-E 

No.  Htm. 

u 

^^ 

U,Ut 

8.70 

+  75.600 

+    8,700 

+  0,070  ■ 

7 

+  0.96 

+  0.067 

8.70 

140 

+  8s, 100 

+  0.078 

+  144 

+  0.111 

L,L, 

240 

-  47.300 

-  13,800 

9 

-0.48 

L,U 

-  13,800 

-0.48 

LxL, 

—  0.96 

L,U, 

10.70 

348 

+    6,400 

+  0.074 

+  0.69 

+  0.0s  I 

-19,900 

—  14.000 

E/.i, 

J*8 

-3i,aoo 

-  10,000 

—  0.69 

+  0.083 

UtL, 

J.9O 

ISi 

+  9.4S0 

+  1,400 

+  0.0» 

+  0.50 

U,L, 

1.00 

348 

-    6,9po 

-0.69 

U^, 

J.90 

1S» 

" 

0.0 

ToUlde 

-  1.100  in. 

+  0.600 

The  graphic  method  gives  the  relative  positions  of  all  points  in  the  truss,  while  the  algebraic 
method  gives  the  deflection  of  one  point,  only. 

For  the  deformation  diagrams  of  trusses  unaym metrically  loaded,  and  for  the  methods  of 
calculating  the  stresses  in  two-hinged  arches  see  the  author's  "  Steel  Mill  Buildinp,"  Chapter  XIV. 

STRESSES  IN  ROLLERS.— When  a  cylindrical  roller  Is  pressed  between  two  i^tes  the 
rolleT  is  deformed  so  that  the  linear  element  of  the  roller  in  contact  is  spread  out  as  the  pressure 
increases.  It  has  been  found  by  experiment  that  the  plates  are  but  little  deformed  in  comparison 
with  the  deformation  of  the  rollers  for  stresses  within  the  elastic  limit,  so  that  the  entire  deforma- 
tion may  be  considered  as  occurring  in  the  rollers.  (For  a  more  complete  discusuon  see  Merri- 
man's  "  Mechanics  of  Materials."} 

In  (b)  Fig.  10  the  vertical  diameter  A-A  is  shortened  to  B-B,  and  the  shortening  in  a  half 
diameter  is  A-B  =  e;  also  let  y  be  the  shortening  in  any  half  chord.  Now  if  the  stress  at  B  is  S, 
and  at  the  point  whose  cocirdinates  are  x,  j>  is  S',  then  if  the  elastic  limit  of  the  material  is  not 
exceeded 

S/y  =  ely,  or  5*  -  S-yje 

Now  3e/i  is  the  unit  shortening  in  the  vertical  diameter,  and  this  is  equal  to  SIE,  and 

sm  -  Mid  (,i) 

Now  the  ttrcM  5*  acts  over  Che  entire  area  l-dx,  and 

fSl-dx  -  W  (la) 

where  Ifis  the  total  stress  on  the  rollers.    Equations  (11)  and  (13}  are  the  equations  for  finding 
S  and  e.    Substituting  S  =  S-yle  in  (12)  we  have 


S-lfydx  -  W-e 
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Now  fy-ix  —  the  area  of  the  segnieDt  compreMed,  whkh  may  be 
—  I  chord  i-3-e.    Now  chord  1-3  —  2(3-d)^,  approxiinately,  and  (13) ' 
J/J«(e-d)t  -  W-e 
Solving  equatiocu  (i  i)  and  (14),  wt  have 

w  -  v-i-s(3sm* 

where  w  ia  the  load  per  lineal  inch  of  roller,  if  d  is  given  in  inches. 


67 
a  parabola 

(14) 

(■5) 


fa)  Co) 

Fic,  10. 
Now  tabiiig  S  '  34,000  lb.  per  aq.  in.,  and  E  «  30,01 


o  lb.  per  sq.  in.,  equation  (16) 

a?) 

e  constructed  »o  that  when  loaded  the  truiaet  will  take  the  form 
aaaumed  in  the  calculations.  This  may  be  done  in  two  ways:  (t)  by  increasing  the  lengths  of 
all  compression  members  and  decreasing  the  lengths  of  all  tension  members  the  amounts  calculated 
aa  in  column  6  in  Table  I — this  method  requires  laborious  calculations  and  increases  the  labor  in 
making  and  checking  the  drawings;  (2)  the  most  common  method  is  to  increase  the  lengths  of 
the  top  chords  )  in.  in  10  ft.  for  railway  bridges  and  A  ■■■■  >"  'O  f'-  fof  highway  bridges  over  the 
lengths  of  the  lower  chords.  This  method  is  very  easy  to  apply  and  satisfies  theoretical  require- 
ments quite  closely. 


Let  c  =  camber  in  inches  at  the  center  of  the  span; 

a  ->  total  increase  in  the  length  of  the  top  chord  required  t 

k  ■>  the  height  of  the  truss  in  feet; 
the  length  of  span  in  feet; 


produce  the  camber,  ii 


then 

c  -  a-ilih,  and  o  -  fo-A/'  {18) 

Now  in  the  i6o-ft.  span  in  Fig.  9,  c  —  i.3o  in.,  I  —  i6oft.  o  in.,  and  A  —  ai  ft.  o  in.    Then 
a  —  8  X  I-30  X  31/160  -  1.36  inches. 
Now  this  increase  will  be  put  in  4  panels,  giving  0.33  in.  in  each  panel,  or  0.16  in.  in  to  ft.    This 
Is  slightly  less  than  A  in.  for  each  10  ft.  as  commonly  specified  for  highway  bridges. 
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CHAPTER  Vil. 

The  Solutions  of  Problems  in  the  CALCtnATiON  of  Stresses  in  Bridge 
Trusses. 

Introduction. — To  obtain  a  thorough  knowledge  of  the  caiculation  of  stresses  in  trusses  it 
Ib  necessary  to  solve  numerous  problems.  The  problems  in  this  chapter  have  been  selected  with 
care  and  have  shown  tbetr  value  by  actual  use  in  the  class-room.  A  problem  is  first  solved  and 
the  solution  is  fallowed  through  in  detail.  A  second  problem  of  a  simij^r  character  is  then  stated 
and  left  for  the  student  to  solve.  These  problems  should  be  solved  in  connection  with  the  study 
of  the  preceding  chapters. 

Instrnctione. — (i)  Plale:  The  standard  plate  Is  to  be  9"  X  loj",  with  a  1"  border  on  the 
left-hand  side  and  a  i"  border  on  the  top,  bottom  and  right-hand  ude  of  the  plate.  The  plate 
iruide  the  border  is  to  be  7)"  X  9i".  (2)  CodrdintUes:  Unless  stated  to  the  contrary,  the  co6r- 
flinates  given  in  the  data  will  refer  to  the  lower  left-hand  corner  of  the  plate  as  the  origin  of  co- 
ordinates. (3)  Data:  Complete  data  shall  be  placed  on  each  problem  so  that  the  solution  will 
be  self-explanatory.  The  span,  panel  length,  depth,  roadway  and  other  dimensions  shall  be 
shown  on  the  truss  diagram  and  shall  be  stated  in  a  prominent  place.  The  loada  shall  be  stated, 
and  the  values  of  all  trigonometric  functions  shall  be  given  to  three  decimal  places.  (4)  Lttttring: 
All  lettering  shall  be  in  Engineering  News  style.  The  main  headings  shall  be  made  with  capitals 
0.3"  high,  and  lower  case  letters  )  of  this  height.  Capitals  in  the  body  of  the  problem  are  to  be 
0.15"  in  height,  and  the  lower  case  letters  are  to  be  j  of  this  height.     (5)  Scalts:  The  scale  of  the 

forces  and  of  the  trusses  shall  be  given  as  1"  —  ( )  lb.,  or  ft.;  and  by  a  graphic  scale  as  well. 

(6)  Name:  The  name  of  the  student  is  to  be  placed  outside  the  border  in  the  lower  right-hand 
corner.  (7)  Equationt:  All  equations  shall  be  given,  but  details  of  the  solution  may  be  indicated. 
(8)   References:   References  are  to  "The  Design  of  Highway  Bridges." 

NoTS. — It  should  be  noted  that  all  the  problems  have  been  reduced  so  that  all  d' 
are  one-half  thu  original  dimenaioos  given  in  the  statements  of  the  problerns. 
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SOLUTIONS  OF   PROBLEMS. 


Problem  i.    Dkad  Load  Stkesses  in  a  Wakren  Truss  by  Graphic  Resolution. 

(o)  Probiem. — Given  a  Wamen  triras,  apan  lao'  o",  panel  length  ao'  o",  depth  20'  o",  dead 
load  700  lb.  per  ft.  per  truss.  Calculate  the  dead  load  atresaea  by  graphic  resolution.  Scale  of 
truss,  i"  =  16'  o".     Scale  of  loads,  1"  —  13,000  lb. 

(6)  Methods.— The  loads  beginning  with  the  first  load  on  the  left  are  laid  oft  from  the  bottom 
upwards.  The  calculation  of  the  stresses  ia  started  at  the  left  reaction,  and  the  stress  diagram  is 
closed  at  the  right  reaction.     For  additional  information  on  the  solution  see  Chapter  111. 

(e)  Results.— The  top  chord  is  in  compression,  the  bottom  chord  is  in  tension;  all  web 
members  leaning  toward  the  center  of  the  truss  are  in  compression,  while  the  web  members  leaning 
toward  the  abutments  are  in  tension.  All  web  members  meeting  on  the  unloaded  chord  (top 
chord)  have  stresses  equal  in  amount  but  opposite  in  sign.  The  stresses  in  the  lower  chord  are 
the  arithmetical  meajis  of  the  stresses  in  adjacent  panels  ol  the  top  chord.  Warren  trusses  are 
commonly  made  of  iron  or  steel  with  riveted  connections,  the  most  common  section  being  two 
angles  placed  back  to  back. 


Probleh  ia.    Dead  Load  Stresses  in  a  Warren  Truss  by  Gkaphic  Resolution. 
(a)  Problem. — Given  a  Warren  truss,  qian  140'  o",  panel  length  so'  a",  depth  34'  o",  dead 
load  600  lb.  per  It.  pei'  truss.     Calculate  the  dead  load  stresses  by  graphic  resolution.    Scale  of 
truss,  1"  •=  20'  o".     Stale  ol  loads,  i"  —  iz,ooo  lb. 

Problem  2.    Dead  Load  Stresses  in  a  Pratt  Truss  by  Graphic  RESCM.tmoN. 
(a)  Problou. — Given  a  Pratt  truss,  span  140'  o",  panel  length  20'  o",  depth  34'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss.     Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  truss,  1'  —  3o'  o".     Scale  of  loads,  1"  =  16,000  lb. 

(6)  Hettiods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  the  stresses  by  graphic  resolution,  beginning  at  Ri  and  checking  up  at  Rt, 
following  the  order  shown  in  the  stress  diagram. 

(c)  Remits. — ^The  top  chord  is  in  compression  and  the  bottom  chord  is  in  tension  as  in  the 
Warren  truss.  The  inclined  members  are  in  tension,  while  the  vertical  members  are  in  compres- 
sion. Member  1-3  is  simply  a  hanger.  There  is  no  stress  due  to  dead  loads  in  the  diagonal 
members  in  the  middle  panel  of  a  Pratt  truss  with  an  odd  number  of  panels.  The  stresses  in  the 
posts  are  equal  to  the  inclined  components  of  Che  stresses  in  the  inclined  members,  meeting  them 
on  the  unk»ded  chord  (top  chord).  Stresses  in  certain  panels  in  the  top  and  bottom  chord  are 
equal.  The  Pratt  truss  is  quite  generally  used  For  steel  bridges  and  is  also  used  for  combination 
bridges,  where  the  tension  members  are  made  of  iron  or  steel  and  the  compression  members  are 
made  of  timber. 


Problem  aA.     Dead  Load  Stresses  in  a  Pratt  Truss  by  Grafbic  Resolution. 

(a)  Problem. — Given  a  Pratt  truss,  span  160'  o",  panel  length  zo'  o",  depth  24'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  truss,  i"  =  25'  o".    Scale  of  loads,  i"  -  30,000  lb. 
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Problem  3.    Dead  Load  Stresses  in  a  Howe  Truss  by  Graphic  Resolution, 

(a)  Problem. — Given  a  Howe  truss,  span  160'  o",  panel  length  20'  o",  depth  14'  o",  dead 
load  600  lb.  per  hneal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  truss,  l"  =  25'  o".     Scale  of  loads,  1"  —  15,000  lb. 

(b)  Methods. — The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
•  upwards.     Calculate  the  stresses  by  graphic  resolution,  beginning  at  Ri  and  checking  at  Ri, 

foltjwing  the  order  shown  in  the  stress  diagram. 

(c)  RftBults. — The  top  chord  is  in  compression  and  the  bottom  chord  is  in  tension  as  in  the 
Warren  truss.  All  inclined  members  are  in  compression,  while  all  vertical  members  are  in  tension. 
The  stresses  in  the  verticals  are  equal  to  the  vertical  components  of  the  stresses  in  the  diagonal 
members  meeting  them  on  the  unloaded  chord.  Stresses  in  certain  panels  in  the  top  and  bottom 
chord  are  equal. 

The  Howe  truss  when  used  for  highway  or  railroad  bridges  is  commonly  built  with  timber 
top  and  bottom  chords  and  timber  diagonal  struts,  the  only  iron  being  the  vertical  ties  and  the 
cast  iron  angle  blocks  to  take  the  bearing  of  the  timber  struts.  This  makes  a  very  satisfactory 
truss  and  is  quite  economical  where  timber  is  cheap. 


pROBLBH  3A.    Dmd  Load  Stresses  in  a  Howe  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Howe  truss,  span  163'  o",  panel  length  18'  o",  depth  34'  o",  dead 
load  600  lb.  per  linea>  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  truss,  1"  =  25'  o".    Scale  of  loads,  i"  —  15,000  lb. 


Problem  4.     Dead  Load  Stresses  in  a  Cahel-dack  Truss  dv  Graphic  Resolution. 

(a)  Problem. — Given  a  Camel-back  (inclined  Pratt)  truss,  span  160'  o",  panel  length  3o'  o" 
depth  at  the  hip  25'  o",  depth  at  the  center  33'  o",  dead  load  400  lb.  per  lineal  foot  per  truss, 
Calculate  the  tiead  load  stresses  by  graphic  resolution.  Scale  of  truss,  i"  =  35'  o".  Scale  of 
loads,  1"  =  10,000  lb. 

(ft)  Methods. — The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  the  stresses  by  graphic  resolution,  beginning  at  Ri  and  checking  up  at  ^j. 
Follow  the  order  given  in  the  stress  diagram. 

(c)  Results. — The  top  chord  is  in  compression  and  the  bottom  chord  is  in  tension  the  same 
as  in  the  Pratt  truss.  All  inclined  web  members  are  in  tension;  while  part  of  the  posts  arc  in 
compression  and  part  are  in  tension.  Member  1-2  is  simply  a  hanger  and  is  always  in  tension. 
This  type  of  truss  is  quite  generally  used  for  steel  and  combination  bridges  (or  spans  from  150 
to  aoo  feet,  and  also  for  long  span  roof  trusses.  In  the  roof  truss,  the  loads  are  on  both  the  top 
and  bottom  chords  or  on  the  top  chord  alone. 


Probleu  4a.    Dead  Load  Stresses  in  a  Cauel-back  Truss  sv  Gsafbic  Resolution. 
(a)  Problem. — Given  a  Camel-back  (inclined  f^tt)  truss,  span  iSo'  o",  panel  length  3o'  o" 
(three  panels  with  parallel  chords),  depth  at  the  hip  25'  o",  depth  at  the  center  32'  o",  dead  load 
400  lb.  per  lineal  foot  per  truss.     Calculate  the  dead  load  stresses  by  graphic  resolution.     Scale 
of  truss,  1"  —  35'  o".     Scale  of  loads,  i"  «  12,000  lb. 
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Pkoblbm  5.     Dead  Load  Stkbsses  in  a  Baltiuorb  Truss  by  Graphic  REstH-imoN. 

(a)  Pnblsm. — Given  a  Baltimore  truss,  span  280'  o",  panel  length  3o'  o",  depth  40'  o", 
dead  load  0.5  tons  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resdu- 
tion.    Scale  of  truss,  i"  ■=  40'  o".    Scale  of  loads,  i"  —  40  tons. 

(6)  Methods. — The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  top 
downwards.  Calculate  Ri  and  Ri.  Calculate  the  stresses  at  the  left  reaction  by  constructing 
triangle  i~Y-X  as  shown.  Then  calculate  the  stress  in  1-2  by  constructing  polygon  Y-i-i—Y. 
Draw  3-3,  which  is  the  stress  in  member  3-3.  Then  calculate  the  stress  in  3-4  and  4-Y  by 
constructing  polygon  ^'--'3-3-4-1'.  Calculate  the  stresses  in  the  remaining  members  in  order, 
finally  checking  up  at  R,. 

(c)  Resnlts. — It  will  be  see  that  the  Baltimore  truss  is  a  Pratt  truss  with  subdivided  panels 
The  stresses  in  the  first  and  second  panels  of  the  lower  chord  arc  larger  than  the  stresses  in  the 
third  and  fourth  panels  of  the  lower  chord.  The  stress  in  6-7  is  equal  to  the  inclined  component 
of  the  shear  in  the  panel,  plus  the  stress  due  to  the  half  load  that  is  carried  toward  the  center  of 
the  bridge  by  5-7.  The  Baltimore  truss  is  used  for  long  spans  in  which  short  panels  can  be  used 
with  an  economical  depth. 

Problem  sa.    Dead  Load  Stresses  in  a  Baltimore  Truss  by  Graphic  Resolution. 
(a)  I^blem. — Given  a  Baltimore  truss,  span  320'  0",  panel  length  20'  o",  depth  50'  o", 
dead  load  0.5  tons  per  lineal  foot  per  truss.     Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  trusa,  l"  —  50'  o".     Scale  of  loads,  i"  =  50  tons. 

Problem  6.     Dead  Load  Stresses  in  a  Petit  Truss  by  Graphic  REsoLimoN. 

(il)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o",  depth  at  hip  50'  o" 
depth  at  center  5S'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses 
by  graphic  resolution.    Scale  of  truss,  i"  —  50'  o".    Scale  of  loads,  1"  —  45  tons. 

(6)  HeAods. — The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  top 
downwards.  Calculate  Ri  and  Rt.  Calculate  the  stresses  in  the  members  at  the  left  reaction  by 
constructing  force  triangle  i-Y'X.  Then  calculate  the  stress  in  1-2  by  constructing  polygon 
I'-i-2-I'.  Draw  3-2,  which  is  the  stress  in  member  3-2.  Then  pass  to  joint  fT,  where  there 
appears  to  be  an  ambiguity,  stress  4-5  being  unknown.  To  remove  the  ambiguity  proceed  as 
follows:  At  If  I  on  the  left  side  of  the  stress  diagram  assume  that  W,  is  the  stress  in  $-6  (the 
member  5-6  is  simply  a  hanger  and  the  stress  is  as  assumed).  Calculate  the  stress  in  4-5  by  com- 
fdeting  the  triangle  of  stresses  in  the  auxiliary  members.  The  stresses  are  now  all  known  at  Wt 
except  3-4  and  5-Y,  but  the  stress  in  4-5  is  between  the  two  unknown  stresses.  First  complete 
the  force  polygion  3-3-4-5'-!'-  Y-i.  Then  by  changing  the  order  the  true  polygon  a-3-4-5-y-  Y-2 
may  be  drawn.  This  solution  is  sometimes  called  the  method  of  sliding  in  a  member.  The 
apparent  ambiguity  at  joint  Wt  may  be  removed  in  the  same  manner.  The  stress  diagram  is 
carried  through  as  shown  and  finally  checked  up  at  Rt.  It  will  be  seen  that  there  is  no  apparent 
ambiguity  on  the  right  side  of  the  truss. 

(c)  Rwolts.— It  will  be  seen  that  the  Petit  truss  is  an  inclined  Pratt  or  Camel-back  truss 
with  subdivided  panek.  The  auxiliary  members  are  commonly  tension  members  in  all  except 
the  end  primary  panels  as  in  the  Baltimore  truss  in  Problem  5.  It  will  be  seen  that  the  stresses 
in  the  fint  four  panels  of  the  k>wer  chord  are  the  same.  The  loads  in  this  type  of  Petit  truss  are 
carried  directly  to  the  abutments.  The  Petit  truss  is  quite  generally  used  for  long  span  highway 
and  railway  bridges. 

Problku  6a.     Dead  Load  Stressbs  in  a  Peht  Truss  bv  Graphic  Resolution. 
(a)  Problem. — Given  a  Petit  truss  with  the  same  span,  panel  length,  depths,  and  dead  load 
aa  in  Problem  6;   the  auxiliary  members  being  arranged  as  in  the  Baltimore  truss  in  Problem  5. 
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Problem  7.    Dead  Load  Stresses  in  a  Quadrangular  Warren  Truss  by  Graphic 
Resolution. 

(a)  PraUem. — Given  a  quadrangular  Warren  truss,  span  izo'  o",  panel  length  15'  o", 
depth  18'  o",  dead  load  400  lb.  per  lineal  foot  per  truss.  Cakulate  the  dead  load  atresses  by 
graphic  resolution.    Scale  of  truss  and  loads  as  shown. 

(b)  l^ediods. — The  loads  beginning  with  the  first  load  on  the  left  arc  laid  off  from  the  bottom 
upwards.  Calculate  ^1  and  Ri.  The  stresses  at  Ri  may  be  calculated  by  constructing  force 
polygon  l-X-y.  However,  on  pasmng  to  the  next  joint  in  either  the  top  or  bottom  chord  the 
solution  is  indeterminate.  To  solve  the  problem  calculate  the  stress  in  the  top  chord  9-X  by 
taking  moments  about  the  center  joint  in  the  bottom  chord,  the  stress  in  9-11  being  zero.  Lay 
off  9-X  in  the  stress  diagram  and  complete  the  diagram  to  the  left  and  the  right  of  the  center  as 
shown.  It  will  be  seen  that  the  stresses  in  certain  members  occur  twice  in  the  diagram.  The 
truss  diagram  can  be  divided  into  two  systems  as  in  Problem  14,  and  the  stresses  can  be  calculated 
for  each  system,  the  chord  stresses  in  the  two  systems  being  added  together  tor  the  hnal  stresses. 

(r)  Results. — The  quadrangular  Warren  truss  is  a  double  intersection  truss  in  which  the 
stresses  are  statically  determinate  for  dead  loads  but  are  statically  indeterminate  for  live  load 
web  stresses,  as  will  be  shown  in  Problem  14.  This  truss,  built  with  riveted  connections,  is 
exten»vely  used  by  the  American  Bridge  Company  for  highway  bridges  for  spans  from  60  to 
152  feet. 

Problem  7a.     Dead  Load  Stresses  in  a  Quadrangular  Warren  Truss  bv  Graphic 
Resolution. 

(d)  Problem. — Given  a  quadrangular  Warren  truss,  span  150'  o",  panel  length  15'  o", 
depth  16'  o",  dead  load  500  lb,  per  lineal  foot  per  truss.  Calculate  the  dead  and  live  load  stresses 
by  graphic  resolution.    Scale  of  truss,  i"  =  20'  o".    Scale  of  loads,  i"  =  10,000  lb. 

Problem  8.  Dead  Load  Stresses  in  a  Warren  Truss  bt  Algebraic  Resolution  (Method 
OF  Coefficients). 

(a)  Problsm. — Given  a  Warren  truss,  span  140'  0",  panel  length  ao'  o",  depth  ao'  o",  dead 
load  Soo  lb.  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  algebraic  resolution. 
Scale  of  truss,  i"  —  20'  o". 

(6)  HethodB.— Beginning  at  the  left  the  left  reaction  Ri  -  3W.  The  shear  in  the  first 
panel  is  3W,  in  the  second  panel  is  aW,  in  the  third  panel  is  W,  and  in  the  fourth  panel  is  zero. 
Now  resolving  at  Ri  the  stress  in  i-Y  "  —  sW'tan  fl,  stress  l-X  =  +  jW-sec  6.  Cut  members 
I-  y,  1-3  and  3-X  and  the  truss  to  the  right  by  a  plane  and  equate  the  horizontal  components  of 
the  stresses  in  the  members.  The  unknown  stress  2-X  will  equal  the  sum  of  the  horizontal  com- 
ponents of  the  stresses  in  i-¥  and  i-a  with  sign  changed,  =  —  (  — 3  — 3)B'-tan  fl  -  +6B''tan  e. 
The«ressin3-K  -  -  (6  +  2)If -tan  9  =  -SH'^tanfl.  Stress  in  4-,X  -  -  (- 8  -  sjlftan  S 
—  +  loW-tan  8;  stress  in  $-¥  =  -  {+  10  +  ijIV-tanfl  =  +  iiW-tanfl;  and  the  stress  in 
6-X  =  -  (-  II  -  i)H'-tan  6  =  +  tail'. tan  9,  The  coefficients  of  the  chord  stresses  when 
multiplied  by  W-tan  6  give  the  stresses,  while  the  coefficients  for  the  webs  when  multiplied  by 
W-sec  0  give  the  web  stresses. 

(e)  Results. — In  the  method  of  coefficients  the  shears  are  calculated  first,  and  the  chmd 
coefficients  follow  easily  by  summing  the  horizontal  components.  This  method  is  the  shortest 
and  the  best  for  the  calculation  of  the  stresses  in  bridge  trusses  with  parallel  chords. 

Pkoslem  8a.     Dead  Load  Stresses  in  a  Warren  Truss  bv  Algebraic  Resolution. 
(fl)   Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length  zo'  o",  depth  24'  o",  dead 
load  700  lb.  per  lineal  foot  per  truss.    Calculate  the  dead  load  stresses  by  algebraic  resolution. 
Scale  of  truss,  i"  -  25'  o". 
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Pkoblbm  9.    Live  Load  Stkessbs  in  a  Wabrbn  Truss  bv  Algbbeaic  RESca.trnoN. 

(a)  Problem. — Given  a  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth  2o'  o",  live 
load  i,30O  lb.  per  lineal  Foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to 
the  live  load  by  algebraic  resolution.     Scale  of  truss,  l"  •>  30'  O". 

(5)  Methods. — Construct  two  truss  diagrams  as  shown. 

Chord  Stresses. — The  maximum  chord  stresses  occur  when  the  joints  are  all  loaded,  and  the 
chord  coefficients  are  found  as  in  Problem  8.  The  minimum  live  load  stresses  in  the  chords  occur 
when  none  of  the  joints  are  loaded,  and  are  zero  for  each  member. 

Web  Strtise!. — The  maximum  web  stresses  in  any  panel  occur  when  the  longer  segment  into 
which  the  panel  divides  the  truss  is  loaded,  while  the  shorter  segment  has  no  loads  on  it.  The 
minimum  live  load  web  stresses  occur  when  the  shorter  segment  is  loaded  and  the  longer  segment 
has  no  loads  on  it.  The  maximum  stresses  in  members  i-X  and  1-2  occur  when  the  truss  is 
fullyloaded.  The  shear  in  the  panel  is  3P,  or  21/7P,  and  the  stress  in  i-X  =  jP-secfl  =  +40.4 
tons,  while  the  stress  in  1-2  -=  —  jP-sec  9  =  —  40.4  tons.  The  minimum  stresses  in  i~X  and 
1-2  are  zero.  The  maximum  stresses  in  2-3  and  3-4  occur  when  5  loads  are  on  the  right  of  the 
panel  and  there  are  no  loads  on  the  left  of  the  panel.  The  shear  in  the  panel  will  then  be  equal 
tothe  left  reaction,  =  fl,  =  (5  X  3  X  P)l7  =  l5/7^-  The  stress  in  2-3  =  15/7?  sec  9  =  +  28.8 
tons,  while  the  stress  in  3-4  —  —  is/jP-eec  8  —  —  28.8  tons.  The  minimum  stresses  in  2-3 
and  3-4  will  occur  when  there  is  one  load  on  the  shorter  segment.  In  the  corresponding  panel 
on  the  right  of  the  truss,  if  the  shorter  segment  is  loaded,  the  left  reaction  =  1/7^'  =  the  shear 
in  the  paneL  The  minimum  stress  in  2-3  -  —  i/jP-xc  6  =  —  i.ga  tons,  while  the  minimum 
sttese  in  3-4  "  +  1.92  tons.     The  stresses  in  remaining  panels  are  calculated  in  same  manner. 

(c)  Resuhs. — It  will  be  seen  that  the  web  members  meeting  on  the  unloaded  chord  (top 
chord)  have  their  maximum  and  minimum  stresses  for  the  same  loading. 

Pkoblbh  9A.    Live  Load  Stresses  in  a  Warren  Truss  bv  Algebraic  Resolution. 
(o)  Problem. — Given  a  Warren  truss,  span  180'  o",  panel  length  2o'  o",  depth  24'  o",  live 
load  1,500  lb.  per  lineal  foot  per  truss.     C^culate  the  maximum  and  minimum  Etresses  due  to 
the  live  loads  by  algebraic  resolution.     Scale  of  truss,  i"  —  25'  o". 

Problem  10.     Maximum  and  Minimum  Stresses  in  Warrbn  Truss  by  Algebraic  Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length  20'  o",  depth  20'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss,  live  load  1,600  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  in  the  members  due  to  dead  and  live  loads  by  algebraic  resolution. 

{b)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the  first  truss  diagram  place 
the  dead  load  and  the  maximum  live  load  chord  coefficients,  calculated  as  in  Problems  S  and  9. 
The  maximum  live  load  chord  coefficients  are  the  same  as  the  dead  load  chord  coefficients.  On 
the  second  diagram  place  the  maximum  and  minimum  live  load  web  coefficients,  calculated  as 
in  Problem  9.  The  maximum  live  load  web  coefficients  are  given  on  the  left  and  the  minimum 
live  load  coe6kients  are  given  on  the  right  of  the  diagram.  On  the  third  diagram  place  the 
maximum  and  minimum  stresses.  The  maximum  chord  stresses  are  equal  to  the  sum  of  the  dead 
and  live  load  chord  stresses.  The  minimum  chord  stresses  are  the  dead  load  chord  stresses. 
The  maximum  web  stresses  are  the  sum  of  the  dead  and  maximum  live  load  web  stresses.  The 
minimum  web  stresses  are  the  algebraic  sum  of  dead  load  stresses  and  minimum  live  load  stresses. 

(f)  Sflsuhs. — The  web  members  7-6  and  7-8  have  a  reversal  of  stress  from  tenwon  to  com- 
pression, or  the  reverse.    These  members  must  be  counterbraced  to  take  both  kinds  of  stress. 

Problem  ioa.    Maximum  and  Minimum  Stresses  in  Warren  Truss  bv  Algebraic  Resolution. 
(a)  PreUem. — Given  a  Warren  truss,  span  iSo'  o",  panel  length  20'  o",  depth  24'  o",  dead 
load  700  lb.  per  lineal  foot  per  truss,  live  load  1,500  lb.  per  lineal  foot  per  truss.     Calculate  the 
n  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
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Pkoblbu  II.    Maximum  AND  Minimum  Stresses  IN  A  Pratt  Truss  BY  Alcbbraic  Rbsolution. 

(a)  Problem. — Given  a  E^tt  truss,  span  140'  o",  panel  length  ao'  o",  depth  24'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss,  live  load  1,600  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 

{V)  HMhods. — Construct  three  truss  diagrams  as  shown.  On  the  first  place  the  dead  load 
coefiidentB  and  the  dead  load  stresses.  On  the  second  place  the  live  load  coefficients  and  the 
live  load  stresses.  On  the  third  place  the  maximum  and  minimum  stresses  due  to  dead  and  live 
loads.  The  maximum  chord  stresses  are  the  sums  of  tlie  dead  and  live  load  chord  stresses,  while 
tbe  minimum  chord  stresses  are  those  due  to  dead  load  alone.  The  hip  vertical  is  simply  a  hanger 
and  has  a  minimum  stress  of  one  dead  load  and  a  maximum  stress  of  one  live  and  one  dead  load. 
Conditions  for  maximum  and  minimum  stresses  in  webs  are  the  same  as  for  the  Warren  truss. 

(c)  Results. — There  is  no  dead  load  shear  in  the  middle  panel,  but  it  is  seen  that  there  are 
stresses  in  the  counters  for  live  loads.  Only  one  of  the  counters  will  be  in  action  at  one  time. 
Whenever  the  center  of  gravity  of  the  loads  is  not  in  the  center  line  of  the  truss,  that  counter 
will  be  acting  that  extends  downward  toward  the  center  of  gravity.  The  numerators  of  the 
maximum  and  minimum  live  load  web  coefficients  are  o,  1,3,6,  10,  15,  ZI,  as  for  the  Warren  truss. 
This  shows  that  maximum  and  minimum  web  stresses  are  proportional  toordinates  toa  parabola. 

PsoBLBM  iiA.    Maximum  and  Minimum  Stresses  in  a  Pratt  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  Pratt  truss,  span  j6o'  o",  panel  length  ao'  o",  depth  26'  o",  dead 

load  700  lb.  per  lineal  foot  per  truss,  live  load  1,500  lb.  per  lineal  foot  per  truss.     Calculate  the 

maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.    Scale  of 

truss,  i"  ■■  35'  o". 

Problem  12.     Maximum  and  Minimdm  Strbssbs  in  a  Howe  Truss  by  Algedsaic  Resolution. 

(a)  Problem. — Given  a  Howe  truss,  span  loi'  3",  panel  length  11'  3",  depth  22'  6",  dead 
load  700  lb.  per  lineal  foot  per  truss,  live  load  1,000  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 

(6)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the  first  diagram  place  the 
dead  load  coefficients  and  the  dead  load  stresses.  On  the  second  diagram  place  the  live  load  web 
coefficients  and  the  maximum  and  minimum  live  load  stresses.  On  the  third  diagram  place  the 
sea  due  to  dead  and  live  loads.  The  conditions  for  loading  for  the 
a  stresses  are  the  same  as  for  a  Pratt  truss  except  that  the  vertical  tie 
1-3  carries  the  shear  in  the  first  panel  and  has  a  maximum  stress  for  a  full  load  on  the  truss. 

(t)  ResnltB.— The  vertical  members  are  always  in  tension,  while  the  diagonal  members  are 
always  in  compression.  The  web  members  meeting  on  the  unloaded  chord  (top  chord)  have 
maximum  and  minimum  stresses  for  the  same  loading.  The  counters  in  the  center  panel  carry 
live  load  stress  only,  the  counter  acting  downward  away  from  the  center  of  gravity  of  the  toads 
being  stressed.  The  maximum  and  minimum  web  stresses  are  the  algebraic  suras  of  the  corre- 
sponding dead  and  live  load  stresses.  The  maximum  chord  stresses  arc  the  sums  of  the  dead  and 
live  load  chord  stresses,  while  the  minimum  chord  stresses  arc  the  dead  load  stresses  alone. 

Problem  I2a.  MAxiMini  and  Minimum  Stresses  in  a  Howe  Truss  by  Algebraic  Resolution, 

(a)  Problem. — Given  a  Howe  truss,  span  120'  o",  panel  length  12'  o",  depth  24'  o",  dead 

load  700  lb.  per  lineal  foot  per  truss,  live  load  1,000  lb.  per  lineal  foot  per  truss.     Calculate  the 

sses  due  to  dead  and  live  loads  by  algebraic  resolution.    Scale  of 
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(a)  Problem. — Given  a  deck  Baltimore  truss,  span  380'  o",  panel  length  30'  o",  depth  40'  o", 
dead  load  0.375  tons  per  lineal  foot  per  truss,  live  load  0.635  '■^^  P^''  lineal  foot  per  truss.  Calcu- 
late the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 

(b)  Methods. — Construct  three  truss  diagrams  and  use  them  as  shown. 

Dead  Load  Stresses.— The  auxiliary  struts  1-3,  5-6, 9-10,  etc.,  carry  a  full  dead  load  compres- 
sion, while  the  auxiliary  web  members  2-3,  6-7,  lo-ii,  etc.,  have  a  teonle  stress  of  iH^'sec  9. 
The  stress  in  i-¥  equals  the  shear  in  the  panel  multiplied  by  sec  8  >=  —  SiW-secB.  The  stress 
In  $-Y  equals  the  shear  in  the  panel  multiplied  by  sec  9,  plus  the  inclined  component  of  the  one- 
half  load  that  is  carried  toward  the  center  by  the  auxiliary  member  3-3,  =  —  (5^  +  DWsec  9  = 

-  6Waec  ».  The  stress  in  3-4  is  the  vertical  component  of  the  stress  in  s-¥  =  +  6W.  The 
stress  in  4-Y  is  the  horizontal  component  of  the  stress  in  3-I'  =  —  6H''tan  8.    The  stress  in 

i-X  and  2-X  —  +  6iH'-tan  *.  The  stress  in  4-5  is  the  inclined  component  of  the  shear  in  the 
panel  -  -  4lH'sec  9.  The  stress  in  5-X  -  -  (-  6  -  4i)H'-tan  «  ~  +  loJH'-tan  ».  The 
remaining  dead  load  stresses  are  calculated  in  a  similar  manner. 

Live  Load  Web  Stresses. — The  maximum  shears  in  the  different  panels  occur  when  the  longer 
segment  of  the  truss  is  loaded,  while  the  minimum  shears  occur  when  the  shorter  segment  of  the 
truss  is  loaded.  The  maximum  stresses  in  the  webs  in  the  first  and  second  panels  occur  for  a  full 
live  load  on  the  bridge.  The  maximum  shear  in  the  third  panel  occurs  with  all  loads  to  the  right 
of  the  panel  and  no  loads  to  the  left.     The  shear  in  the  panel  will  then  be  equal  to  the  left  reaction 

-  II  X  i<II  -t-  I)f/I4'-  66/14P.  The  maximum  live  load  stress  in  4-5  will  be  =  -  66/14 
P-sec  e.  With  a  maximum  stress  in  4-5  the  stress  in  4-7  will  be  =(  -  66/14  +  7/14)? -sec  9 
"   —  59/i4/''8ec  9.     This  is  the  maximum  stress,  for  the  stress  in  4-7  when  there  is  a  maximum 

shear  in  the  panel  is  —  10  X  11/3  X  i/i^-aecB  "  —  55/14/' 'sec  9.  In  a  similar  manner  it  will 
be  found  that  maximum  stresses  in  members  S-9  and  8-1 1  occur  with  a  maximum  shear  in  8-9. 

On  the  right  side  it  will  be  seen  that  minimum  stresses  in  the  diagonals  occur  for  a  minimum 

shear  in  the  odd-numbered  panels  from  the  right. 

(c)  Results.— The  dead  and  live  loads  were  assumed  as  applied  on  the  upper  chord.  The 
upper  chords  are  in  compression,  while  the  lower  chords  are  in  tension  the  same  as  for  a  through 
truss.  The  live  and  dead  load  stresses  are  given  separately  on  the  left  side  of  the  lower  truss  as 
Inquired  by  Cooper's  Specifications. 


Problem  13A.  Maxiuuu  akd  MiNiHtm  Stresses  in  a  Deck  Baltiuore  Truss  by  Algebraic 
Resolution. 
(a)  Problem. — Given  a  deck  Baltimore  truss,  span  3*0'  o",  panel  length  30'  o",  depth  50'  o", 
dead  toad  0.3  tons  per  lineal  foot  per  truss,  live  load  0.5  tons  per  lineal  foot  per  truss.  Calculate 
the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale 
of  truM,  1"  ••  40'  o". 


PROBLBH    14.      MaXIHIIM  / 

(o)  ProUem. — Given  a  quadrangular  Warren  truss,  span  lao'  o",  panel  lei^h  15'  o",  depth 
18' o",  dead  load  400  lb.  per  lineal  foot  per  truss,  live  load  800  lb.  per  lineal  foot  per  truss.  Calcu- 
late the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  1"  =  30' o". 
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Bridge  Analysis.  Whipple  Truss.  Problem  15. 
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(£)  Mediods. — Construct  four  truss  diagrams  as  shown. 

Disid  Load  Stresses. — The  left  reaction  is  3Hf  and  the  stresses  in  the  end-post  and  end  panel 
in  the  bottom  chord  arc  +  3JtV'sec  9  and  —  3iH'-tan  *,  respectively.  The  other  stresses  are 
indeterminate  in  working  from  the  abutment,  and  it  is  necessary  to  pass  to  the  center  of  the  truss. 
The  two  diagonals  meeting  at  the  middle  of  the  top  chord  will  have  no  stress  for  dead  load,  and 
the  load  at  the  middle  of  the  truss  will  be  equally  divided  between  the  two  diagonals  meeting  at 
the  center  of  the  bottom  chord.  Passing  to  the  left,  the  first  load  to  the  left  of  the  center  Is  carried 
directly  to  the  left  abutment  as  shown,  while  the  corresponding  load  on  the  right  of  the  center  is 
carried  directly  to  the  right  abutment.  The  remaining  shears  can  now  be  calculated.  The  chord 
stresses  can  now  be  calculated  as  in  the  case  of  a  single  intersection  truss. 

Live  Load  Stresses. ^-Th^  coefficients  of  the  maximum  chord  stresses  are  the  same  as  the  dead 
load  chord  coefficients.  The  maximum  and  minimum  live  load  web  stresses  are  not  statically 
determinate,  but  the  following  solution  gives  approximate  results;  Divide  the  truss  into  two 
systems,  the  first  carrj'ing  three  full  loads  and  the  second  carrying  four  full  loads  as  shown.  Then 
minimum  web  stresses  in  the  two  systems  separately  in  the  usual 
stresses  will  occur  with  the  longer  segment  loaded,  while  the  mini- 
mum web  stresses  will  occur  with  the  shorter  segment  loaded.  The  maximum  and  minimum 
stresses  are  gi\-en  in  the  fourth  diagram. 

(c)  Results. — The  live  load  web  stresses  as  calculated  above  are  approximate,  but  arc  on 
the  safe  side.  The  exact  solution  can  be  made  only  by  an  application  of  the  "Theory  of  l^ast 
Work."  This  type  of  truss,  with  ri\'cted  connections,  is  used  by  the  American  Bridge  Company 
for  spans  of  So  to  170  feet. 
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SOLUTIONS  OF   PROBLEMS. 


(a)  Problem. — Given  a  quadrangular  Warren  trues,  span  135'  o",  panel  length  15'  o",  depth 
20'  o",  dead  load  400  lb,  per  lineal  foot  per  truss,  live  load  700  lb.  per  lineal  foot  per  truss.  Calcu- 
late the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  -  ao'  o". 


Problem  15.     MAXUitm  a 

(o)  Problem. — Given  a  Whipple  truss,  span  a6o'  o",  panel  length  20'  o",  depth  40'  o",  dead 
load  1,300  lb.  per  lineal  [oot  per  truss,  live  load  s.ooo  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of 
truss,  I"  =  30' o". 

(6)  Methods. — The  dead  load  stresses  and  the  maximum  live  load  chord  stresses  can  be 
calculated  by  beginning  at  the  center  and  calculating  the  shears,  and  then  calculating  the  chord 
streases  as  in  Problem  14.  The  maximum  and  minimum  live  load  web  stresses  are  statically 
indeterminate  as  were  the  web  stresses  in  Problem  14.  The  usual  solution  of  this  problem  is  to 
divide  the  truss  into  two  trusses  of  single  intersection.  The  dead  and  the  live  load  chord  stresses 
and  the  maximum  and  minimum  web  stresses  are  then  calculated  as  for  independent  trusses. 
The  loads  at  the  foot  of  the  hip  verticals  are  assumed  as  equally  divided  between  the  two  systems. 
The  final  chord  stresses  are  the  sums  of  the  chord  stresses  in  the  separate  trusses.  The  stresses 
in  the  web  members,  except  the  hip  vertical,  are  as  given  in  the  separate  trusses.  Tn  solving  the 
problem  the  partial  truss  diagrams  should  be  drawn.  The  trusses  will  be  unsym metrical,  one 
being  the  same  as  the  other  turned  end  for  end.  With  the  joints  all  loaded  the  dead  load  chord 
and  web  coefficients,  and  the  live  load  chord  coefficients  are  calculated.  In  calculating  the  maxi- 
mtim  live  load  web  coefficients  the  loads  are  moved  off  to  the  right,  and  the  maximum  stresses 
in  the  webs  on  the  left  of  the  center  will  occur  when  the  longer  segment  is  loaded,  and  the  minimum 
streaoes  in  the  webs  on  the  right  will  occur  when  the  shorter  segment  is  loaded.  Then  with  all 
joints  in  the  truss  loaded  move  the  loads  oUt  to  the  left,  calculating  the  maximum  web  coetHcients 
on  the  right  of  the  center  and  the  minimum  web  coefScients  on  the  left  of  the  center.  In  calculat- 
ing the  stresses  from  the  shears  it  will  be  seen  that  functions  of  two  angles  are  used.  Tlie  relation 
between  the  two  angles  is  tan  tf'  =  a  tan  8.  Web  coefficients  in  terms  of  B  are  enclosed  in  a  ring. 
The  calculation  of  the  chord  coe6kients  may  be  illustrated  by  calculating  the  coefficient  of  the 
end  panel  of  the  upper  chord  =  -  I-  156/26  -  70/16  -  3{f»ola(t)]Wt.aD  e  -  346/26W-tan  fl. 

(c)  ReanltB. — The  chord  stresses  calculated  as  above  do  not  agree  with  those  calculated  by 
beginning  at  the  center  of  the  truss  as  in  Problem  14.  The  student  should  calculate  the  dead 
load  chord  and  web  stresses  and  the  live  toad  chord  stresses  as  in  Problem  14.  Whipple  trusses 
were  usually  built  with  an  odd  number  of  panels.  The  Whipple  truss  was  formerly  quite  generally 
used  for  long  span  highway  and  railway  bridges,  but  is  now  rarely  built,  being  replaced  by  the 
Petit  tniM. 


(a)  Problem. — Given  a  Whipple  truss,  span  260'  o",  panel  length  20'  o",  depth  40'  o", 
dead  toad  1,300  lb.  per  linea)  foot  per  truss,  live  load  3,000  tb.  per  lineal  foot  per  truss.  Calculate 
the  maximum  and  minimum  stresses  due  to  dead  and  live  loads.  Calculate  the  dead  load  chord 
and  web  stresses  and  the  live  load  chord  stresses  as  in  Problem  14.    Scale  of  truss,  1"  —  30'  o". 
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SOLUTIONS  OF   PROBLEMS. 


(a)  Pioblem. — Given  a  through  Baltimore  truss,  span  320'  o",  panel  length  3o'  o",  depth 
40'  n",  dead  load  Soo  lb.  per  lineal  foot  per  truu,  live  load  i,Soo  lb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  ■■  40'  o". 

(b)  Methods. — Construct  three  truss  diagrams  as  shown. 

Dead  Load  Stresses. — The  shear  in  each  of  the  hangers  is  W,  while  the  stress  in  each  of  the 
diagonal  auxiliary  members  is  —  iW-xc9.  The  stress  in  the  upper  part  of  the  end-post  is 
(+6i  +i)H'-sece  -  +7H'sece,  where  +6iWmce  is  the  stress  due  to  the  shear  and 
+  jfT'Sec  B  is  the  stress  due  to  the  half  load  carried  toward  the  center  by  the  auxiliary  diagonal 
member.  The  stress  in  the  main  diagonal  in  the  third  panel  is  —  siW-eec  8,  where  5\W  is  the 
shear  in- the  panel;  while  the  stress  in  the  diagonal  in  the  fourth  panel  is  (—  4}  —  i)K''sec  6  = 
—  sW-sec  e,  where  4lB'sec  9  is  the  stress  due  to  the  shear  in  the  panel  and  iW-sec  9  is  the 
stress  carried  toward  the  center  of  the  truss  by  the  auxiliary  member.  The  chord  coefficients 
are  calculated  as  in  Problem  13. 

Live  Load  SIresiei. — The  maximum  shear  in  the  third  panel  occurs  with  13  loads  to  the  right 
of  the  panel  and  with  no  loads  to  the  left  of  the  panel.  The  ^ear  in  the  panel  is  then  equal  to 
the  left  reaction,  equals  13  X  i(i3  +  i)  X  FI16  -  |JP.  The  stress  in  the  main  diagonal  in 
the  third  panel  is  then  eqiaal  to  —  \iP  -sec  0.  The  stress  in  the  main  diagonal  in  the  fourth  panel 
is  {—  HP  +  i'*P)  secfl  —  —  H-P-Bec*.  "  a  maximum,  the  maximum  shear  in  the  panel  being 
13  X  i(i2  +  i)  X  PI16  -  IIP.  In  like  manner  the  maximum  stresses  are  found  in  the  5th  and 
6th  panels  when  there  is  a  maximum  shear  in  the  5th  panel,  and  in  the  7th  and  8th  panels  when 
there  is  a  maximum  shear  in  the  7th  panel.  Minimum  stresses  in  the  3d  and  4th  panels  from  the 
right  abutment  occur  when  there  is  a  minimum  shear  in  the  3d  panel;  and  in  the  5th  and  6lh 
panels  when  there  is  a  minimum  shear  in  the  5th  panel. 

(c)  Resnlta. — The  double  panels  next  to  the  center  require  counters.  It  should  be  noticed 
that  in  calcubting  the  stresses  in  these  counters  the  diagonal  auxiliary  ties  will  have  the  dead  load 
stress  of  +  5.66  tons  as  a  n     ' 

Problem  i6a. 

(a)  Problem. — Given  a  through  Baltimore  truss,  span  330'  o",  panel  length  20'  o",  depth 
45'  o",  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  i,Soo  lb.  per  lineal  foot  per  truss.  All 
the  auxiliary  ties  are  to  be  in  compression  as  in  the  1st  and  ad  paneb  in  Problem  16  and  as  in 
Problem  6.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic 
reaolution.    Scale  of  truss,  i"  —  40'  o". 

Problem  17.    Maximuh  akd  Minimum  Strbssks  in  a  Camel-back  Truss  by  Algebraic 
MoHBtns. 

(a)  Problem. — Given  a  Camel-back  truss,  span  100'  o",  panel  l«igth  30'  o",  depth  at  hip 
30'  o",  depth  at  center  25'  o",  dead  load  300  lb.  per  lineal  foot  per  truss,  live  load  800  lb.  per  lineal 
foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by 
algebraic  moments.     Scale  of  truss,  i"  —  20'  o", 

(b)  Methodt. — Calculate  the  arms  of  the  forces  as  shown  and  check  the  values  by  scaling 
from  the  drawing. 
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Dead  Load  Stresses, — To  calculate  the  stress  in  the  end-post:  LoUi,  take  cente 
at  Li,  and  pass  a  section  cutting  LoU,,  UiL,  and  L\Li,  and  cutting  away  the  truss  to  the  right. 
Then  assume  stress  LtUi  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and 
stress  UUi  X  14.14  -  fi,  X  20  =  o.  Now  J?,  =  6  tons  and  stress  UU,  =  +  8,48  tons.  To 
calculate  the  stresses  in  L0Z.1  and  L1Z.1  take  the  center  of  moments  at  U,,  and  pass  a  section 
cutting  memtxTS  UiUi,  UiLt  and  L|L,,  and  cutting  away  the  truss  to  the  right.  Then  asstiuie 
the  stress  in  LiL-  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and 
Li£i  X  20  —  fii  X  20  -  o.  Now  fli  =  6  tons  and  the  stress  in  L^Li  =  LJ.i  =  —  6  tons.  To 
calculate  the  stress  in  U\Ui  take  the  center  of  moments  at  Li,  and  pass  a  section  cutting  members 

t^i t/j,  f'jt]  and  iiii',  and  cutting  away  the  truss  to  the  right.  Then  assume  the  stress  in  Li U\ 
as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  UiUt  X  24.25  —  ^1  X  40 

+  If  X  30  =  o.  Nowfli  =  6,W  =  3  tons,  and  the  stress  in  UiU,  '  +  7.43  tons.  To  calculate 
the  stress  in  UiLi  take  the  center  of  moments  at  A,  and  pass  a  section  cutting  members  UiUi, 

U,Lt,  and  LiLi,  and  cutting  away  the  truss  to  the  right.  Then  assume  the  stress  in  UiL\  as  an 
external  force  acting  from  the  outside  toward  the  cut  section,  and  UiL,  X  70.7  +  if ,  X  60  —  JC 

X  80  =  o.     Now  J?i  =  6  tons  and  W  =  3  tons,  and  £/|Lj  X  70.7  =  —  lao  tt.-tons,  and  strew 

V^Lt  =  —  1.70  tons.     The  other  dead  load  stresses  are  calculated  as  shown. 

Live  Load  Stresses. — The  live  load  chord  stresses  are  equal  to  the  dead  load  chord  stresses 
multiplied  by  8/3.  The  maximum  stress  in  i/iLi  will  occur  with  loads  at  Lt,  L,',  and  L,',  while 
the  maximum  stress  in  counter  UiLi  will  occur  with  a  load  at  L|  only.     The  maximum  tension  in 

UiLj  will  occur  with  all  the  liv-e  loads  on  the  bridge,  while  the  maximum  compression  will  occur 
when  there  is  a  maximum  stress  in  the  counter  UtL\,  loads  at  ii'  and  L|'.  The  details  of  the 
solution  are  shown  in  the  problem. 
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(c)  Rwtdts.— The  stress  in  the  counter  UtL\  and  the  chords  UtUt  and  L1Z4'  may  be  calcu- 
lated by  the  method  of  coefficients,  and  will  be  the  same  as  tor  a  truss  with  parallel  chords  having 
a  depth  of  35'  o".  The  Riajumum  stress  in  UiLt  will  occur  with  loads  L%  and  Lg'  on  the  bridge, 
when  the  left  reaction  equals  2  X  jP/5  =  6/5P.    The  stress  in  UiW-  -  6l$P-Bec  e  -  -  6.15 


Pkoblem  17A.  Maxiuuu  and  Miniuuu  Stresses  in  a  Cauel-back  Truss  bv  Algebraic 
Moments. 
(a)  Problem. — Given  a  Camel-back' truss,  span  I3o'  o",  panel  length  30'  o",  depth  at  hip 
25'  o",  depth  at  Ut  30'  o",  depth  at  Ut  30'  o",  dead  load  300  lb.  per  lineal  foot  per  truss,  live  load 
800  lb.  per  lineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and 
live  loads. 


(o)  Problem. — Given  a  through  Warren  truss,  span  140'  o",  panel  length  3o'  o",  depth  20'  o", 
dead  load  80D  lb.  per  lineal  foot  per  truss,  live  load  1,200  lb.  per  lineal  foot  per  truss.  Calculate 
the  maximum  and  minimum  stresses  by  graphic  moments.  Scale  of  truss,  l"  =  20'  o".  Scale 
of  loads,  i"  -  50,000  lb. 

(ft)  Methods.  Chord  Sb-ewM.— Calculate  the  center  ordinate  of  the  parabola  =  wLVSd 
»  98,000  lb.,  and  lay  it  off  at  5  to  the  prescribed  scale.  Now  lay  off  the  vertical  line  i~5  at  the 
left  and  right  abutments.  Make  l-a  =  2-3  =  3-4  •  2  (4-5).  Draw  the  inclined  lines  1-5, 
2-5,  3-5,  4-5.  5-5-  The  intersections  of  these  lines  with  verticals  let  drop  from  the  lower  chord 
points  are  points  in  the  stress  parabola  lor  the  upper  chord  stresses.  The  stresses  in  the  lower 
chords  are  the  arithmetical  means  of  the  stresses  in  the  upper  chords  on  each  side.  By  changing 
the  scale  the  live  load  stresses  may  be  scaled  directly  from  the  diagram. 

Web  Slresses. — At  the  distance  of  a  panel  to  the  left  of  the  left  abutment  lay  off  the  vertical 
line  i-8equal  to  one-half  the  totallive  load  on  the  truss,  to  the  prescribed  scale,  equal  i,3oo  X  70 
■■  84,000  lb.  Now  divide  the  line  1-8  into  as  many  equal  parts  as  there  are  panels  in  the  truss, 
and  mark  the  points  of  division  2,  3,  4,  etc.  Connect  these  points  of  division  with  the  panel 
point  7,  the  Rrst  panel  point  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  panel 
points  of  the  lower  chord  of  the  truss  to  the  line  1-8,  and  the  intereections  of  like  numbered  lines 
will  give  points  on  the  curve  of  maximum  live  load  shears. 

To  construct  the  dead  load  shear  diagram,  lay  off  3!^,  downward  to  the  prescribed  scale 
under  the  left  abutment,  and  reduce  the  shear  under  each  load  to  the  right  by  W,  until  the  dead 
load  shear  is  —  3H'  at  the  right  abutment.  The  dead  load  shear  diagram  is  then  constructed 
as  shown. 

Afaximum  ami  Minimum  Web  Stresses, — The  maximum  shear  in  any  panel  is  then  the  ordinate 
to  the  right  of  the  panel  point  on  the  left  end  of  the  panel,  and  the  stresses  in  the  web  members 
are  calculated  by  drawing  lines  parallel  to  the  corresponding  member  as  shown.  Negative  stresses 
are  measured  downwards  from  the  live  load  shear  curve,  and  positive  streases  are  measured 
upwards  from  the  live  load  shear  curve. 

(e)  Remits. — This  method  is  an  excellent  one  for  illustrating  the  effect  of  the  different  systems 
of  loads,  but  consumes  too  much  time  to  be  of  practical  use.  It  should  be  noted  that  the  maximum 
ordinate  to  the  chord  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an  odd  number  of  panels. 

Problbu  i8a.     Maxiuuu  and  Miniuuu  Stresses  in  a  Through  Warren  Truss  by 

Graphic  Mouents. 

(a)  Problem. — Given  a  through  Warren  truss,  span  160'  o",  panel  length  20'  o",  depth 

24'  o",  dead  load  900  lb.  per  lineal  foot  per  truss,  live  load  t,3oo  lb.  per  lineal  foot  per  truss. 

Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  graphic  moments. 

Scale  of  truss,  i"  ■  25' o".    Scale  of  loads,  1"  -  saooolb.  i:qit7i:r  b,  CjOOqIc 
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PSOBLEH  19.      MAXIMUII  AND  MINIMUM  StbESSES  IN  AN  INCLINED  ChOBD  THBOUGH  WaRBBN 

Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  an  inclined  chord  through  Warren  tru»,  span  100'  o",  panel  length 
m'  o".  depth  at  the  hip  15'  o",  depth  at  the  second  panel  22'  6",  depth  at  the  center  35'  o",  dead 
load  600  lb.  per  lineal  foot  of  bridge,  live  load  1,000  lb.  per  lineal  foot  of  bridge.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  graphic  resolution.  Scale  of  truss, 
i"  •■  15'  o".    Scale  of  dead  loads,  1"  ■■  9,000  lb.    Scale  of  live  loads  as  shown. 

(i)  Methods. — Construct  a  truss  diagram  and  calculate  the  dead  load  stresses  in  the  usual 
way  as  shown.  The  live  load  chord  stresses  are  found  by  multiplying  the  dead  load  chord  stresses 
by  5/3.  To  calculate  the  ma»mum  and  minimum  web  stresses  proceed  as  follows:  Assume  that 
the  truss  is  fixed  at  the  right  abutment  and  that  the  left  reaction  is  £1  ■>  say  10,000  lb.  with  no 
loads  on  the  bridge.  Then  begimiing  at  the  left  reaction  Ri,  calculate  by  graphic  resolution  the 
stresses  in  the  different  members  of  the  truss  due  to  the  left  reaction  of  10,000  lb.,  there  being  no 
loads  on  the  bridge.  The  reaction  is  laid  off  to  a  scale  of  i"  -  6,000  lb.  Now  to  calculate  the 
maximum  live  load  stress  in  any  web  member  multiply  the  stress  as  scaled  from  the  diagram 
by  the  ratio  of  the  left  reaction  which  produces  the  maximum  stress  to  10,000  lb.  For  example, 
the  member  i-a  has  a  maximum  stress  with  all  the  joints  loaded  and  the  reaction  is  20,000  lb.,  or 
the  scale  of  the  stress  is  i"  —  12,000  lb.  The  stress  1,-3  then  equals  —  14,5001b.  The  maximum 
live  load  stress  in  2-3  occurs  with  loads  at  the  three  panel  points  at  the  right,  and  Ri  —  }(3  X  2P) 
—  12,000  lb.,  or  the  scale  of  the  stress  in  the  diagram  is  i"  =  7,200  lb.,  and  the  stress  in  2-3 
equals  +  7.900  lb.     The  stresses  in  the  remaining  web  members  are  calculated  in  the  same  manner. 

(c)  ResnltB. — This  solution  may  be  used  to  calculate  the  maximum  and  minimum  stresses 
in  any  truss,  but  it  is  best  adapted  to  the  solution  of  stresses  in  trusses  like  the  one  shown.  The 
n  stresses  are  given  on  the  right  hand  side  of  the  truss  diagram. 


{a)  Pnbtom. — Given  an  inclined  chord  through  Warren  truss,  span  lao'  o",  panel  length 
30'  o",  depth  at  the  hip  15'  o",  depth  at  the  second  panel  in  the  top  chord  33'  6",  depth  at  the 
third  panel  35'  o"  (middle  panel  has  parallel  chords),  dead  load  600  lb.  per  lineal  foot  of  bridge, 
live  load  1,100  lb.  per  lineal  foot  of  bridge.  Calculate  the  maximum  and  minimum  stresses  due 
to  dead  and  live  loads  by  graphic  resolution.  Scale  of  truss,  i"  —  30'  o".  Scale  of  dead  loads, 
i"  —  10,000  lb.    Scale  of  live  loads  as  calculated. 

Problem  30.     Maximum  a 

(a)  Problem. — Given  an  inclined  chord  through  Pratt  truss,  span  120'  o",  panel  length 
30'  o",  depth  at  hip  25'  o",  depth  at  second  panel  point  30'  o",  dead  joint  load  3  tons  per  truss, 
live  joint  load  8  tons  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and 
live  loads  by  graphic  resolution.  Scale  of  truss,  i"  =  20'  o".  Scale  of  dead  loads,  l"  ■  3.75 
ton*.    Scale  of  live  loads  as  calculated. 

(b)  Methods.— Construct  a  truss  diagram  and  calculate  the  dead  load  stresses  in  the  usual 
way  as  riiown.  The  live  load  chord  stresses  are  calculated  by  multiplying  the  dead  load  stresses 
by  8/3.  To  calculate  the  maximum  and  minimum  web  stresses  proceed  as  follows^  Assume  the 
trass  as  fixed  at  the  r^ht  abutment  and  that  the  IcFt  reaction  =  say  20  tons  with  no  loads  on 
the  bridge.  Then,  beginning  at  the  left  reaction  Ri,  calculate  by  graphic  resolution  the  stresses 
in  the  different  members  of  the  bridge  due  to  the  left  reaction  of  30  tons,  there  being  no  loads  on 
the  bridge.  The  reaction  is  laid  off  to  a  scale  of  i"  =  20  tons.  Now  to  calculate  the  maximum 
stress  in  any  web  member  multiply  the  stress  as  scaled  from  the  diagram  by  the  ratio  of  the  left 
reaction  which  produces  the  maximum  stress  to  30  tons.    For  example,  the  member  i-x  has  a 
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iss  with  all  joints  loaded  and  the  reaction  is  30  tons  and  the  seals  ai  the  ai 
i"  •  20  tons.  The  Etress  in  3-3  is  ecaled  from  the  diagram  and  is  +  25.6  tons.  The  n 
live  load  strtss  in  2-3  occurs  with  loads  on  four  panel  points  to  the  right,  and  Rt  =  (zi  x  4p)/6 
=  13.33  tons,  or  the  scale  of  the  stress  in  the  diagram  b  found  by  the  proportion  x  :  13.33  ■'■  ^a:  20, 
and  *  =  13.33  tons  per  inch.  The  stress  in  2-3  =  —  11.4  tons.  The  live  load  stresses  in  the 
remaining  web  membets  are  calculated  in  the  same  manner.  When  the  counters  are  acting  there 
will  be  no  dead  load  stresses  in  th^  main  tie  in  the  same  panel.  This  makes  it  necessary  to  calculate 
the  dead  load  stresses  in  the  counters  and  in  the  posts  when  the  counters  are  acting.  The  calcula- 
tions for  the  dead  load  stresses  in  the  counters  and  in  the  posts  when  the  counters  are  acting  have 
been  calculated  in  the  dead  load  stress  diagram  and  arc  shown  by  the  primes.  The  maximum 
and  minimum  stresses  are  found  by  combining  the  dead  and  live  load  stresses  in  the  same  manner 
as  when  the  stresses  arc  calculated  by  algebraic  moments. 

(a)  Results. — Thb  solution  is  an  excellent  one  to  use  in  checking  the  results  obtained  by 
algebraic  methods.  The  maximum  and  minimum  stresses  are  given  on  the  right  haad  ude  of 
the  truss  diagram. 

I^OBLEu  3oA.     Maximum  and  Min 

(a)  Problnn. — Given  an  inclined  chord  through  Pratt  truss,  span  lOO'  o",  panel  length 
20'  o",  depth  at  hip  35'  o",  depth  at  second  panel  30'  o",  dead  joint  load  3  tons  per  truss,  live 
joint  load  8  tons  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  liv« 
loads  by  graphic  resolution.  Scale  of  truss  i"  =  20'  o".  Scale  of  dead  loads  i"  =  3  tons. 
Scale  of  live  loads  as  calculated. 
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FROBLfiH    21.       MaXIUUU    AND    MiNIUUM    STRESSES    IN    A    TBROUGH    K-TStISS    BV    ALGEBRAIC 

Resolution  (Method  op  Coefficients). 

(a)  Problem. — Given  a  through  K-truM,  span  i6o'  o",  panel  length  i6'  o",  depth  32'  o", 
dead  load  5  tone  per  joint  per  tniM,  live  load  6  tons  per  joint  per  truss.  Calculate  the  maximum 
and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of  truss 
1"  =  24' o". 

(b)  Hetbods. — Construct  three  truss  diagrams  as  shown. 

Dead  Load  Stresses. — The  horizontal  components  of  the  stress  in  the  diagonals  in  the  third 
and  following  panels  must  be  equal  but  opposite  in  direction.  The  shear  in  the  panel  is 
therefore  equally  divided  between  the  two  diagonals.  The  coeltictents  are  given  in  fourths  of  W 
for  convenience.  The  stress  in  the  lirst  hanger  will  be  —  4  fourths,  and  the  coeflicicnt  of  the  stress 
in  the  diagonal  will  be  +  3  fourths.  The  shear  in  the  third  panel  will  be  18  fourths  minus  8 
fourths,  which  is  10  fourths.  The  coefficient  of  the  stress  in  the  upper  and  lower  diagonals  will 
be  +  5  and  —  $  fourths,  respectively.  In  like  manner,  the  coctlicientB  of  the  stress  in  the  upper 
and  lower  diagonals  in  the  fourth  panel  will  be  +  3  fourths  and  —  3  fourths,  respectively;  and 
the  coefficients  in  the  fifth  panel  +  I  fourth  and  —  I  fourth,  respectively.  The  coefficients  of 
the  stresses  in  the  posts  and  in  the  chords  are  calculated  by  algebraic  resolution  in  the  same 
manner  as  for  a  Baltimore  truss. 

LoK  Load  Stresses. — The  maximum  stress  in  the  diagonals  in  the  third  panel  occurs  with  7 
loads  to  the  right  of  the  panel  and  with  no  loads  to  the  left  of  the  panrl.  The  shear  in  the  panel 
is  then  equal  to  the  left  reaction,  equals  7  x  4  x  P/io  =  14P/5  and  the  coefficient  of  the  stress  is 
■+-  38  twentieths  and  —  28  twentieths  in  the  upper  and  lower  diagonal,  respectively.  The  maxi- 
mum shear  in  the  fourth  panel  will  occur  with  6  loads  to  the  right  and  no  loads  to  the  left,  and  will 
be  equal  to  the  left  reaction,  cqtials  6x31x^/10  =  21P/10,  and  the  coefficient  of  the  stress  is 
+  21  twentieths  and  —  31  twentieths  in  the  upper  and  lower  diagonals,  respectively.  The 
maximum  negative  shear  in  the  swth  panel  occurs  with  4  loads  on  the  truss  to  the  right  and 
no  loads  to  the  left.  The  diagonals  are  designed  to  take  a  reversal  of  stress  and  no  counters  are 
required.  The  maximum  stresses  occur  in  the  upper  section  of  the  posts  when  maximum  stress 
occurs  in  the  members  meeting  them  on  the  top  chord  have  a  maximum  stress.  The  maximum 
a  the  lower  part  of  the  posts,  with  the  exception  of  the  second  post  which  is  really  a 
x;ur  when  maximum  stress  occurs  in  the  diagonal  member  meeting  the  top  of  the  lower 
n  of  the  post. 

(a)  Results. — It  will  be  noted  that  the  upper  part  of  the  K-truss  has  Howe  truss  diagonals 
and  vertical  ties,  while  the  lower  part  has  Pratt  truss  diagonals  and  vertical  posts.  The  K-truss 
has  smaller  secondary  stresses  due  to  rigidity  of  the  joints  than  either  the  Baltimore  or  Petit 
truae,  and  is  rapidly  replacing  these  trusses  for  long  span  bridges.  For  long  spans  the  K-truss  is 
commonly  made  with  inclined  upper  chords. 

Problem  31A.    MAXiHtm  and  MiniuIih  Stresses  in  a  Tbrougb  K-truss  by  Algebraic 
RBSOLirrioN  (Method  of  Coefficients). 

(c)  Problem. — Given  a  through  K-truss,  span  216'  o",  panel  length  18'  o",  depth  36'  o", 
dead  load  5  tons  per  joint  per  truss,  live  load  6  tons  per  joint  per  truss.  Calculate  the  maximum 
and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of  truss 
I"  =3o'o"- 

pROBLEU  23.  MAxmini  and  Minihuu  Stresses  in  a  Petit  Truss  bv  Algebraic  Mombnts. 
(a)  Problem.— Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o",  depth  at  the  hip  50'  o", 
depth  at  center  5%'  a",  dead  load  0.9  tons  per  lineal  foot  per  truss,  live  load  1,4  tons  per  lineal 
foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by 
algebraic  moments.    Scate  of  truss,  t"  —  40'  o".    Scale  of  lever  arms,  any  convenient  scale. 
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Bridge  Analysis.  Pe+itTruss.  Problem  22. 

3tre5ses  by  Algebraic.  Momen+a, 
^  /*3«»'  *5**.7  fssaa  ^ 
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'^iS^'^-fn-O'^- 50-0' — ■ 

Oe€^  and  LiveLoad  Sfrvaaes  y 

Dead  Load' 0.9  iona  p^feof  per  itv3i.    /.•■' 
Live      '■    '/.4    •■      «     •     ■■      » ^y 
.Span. 55^0".   Panel •25-0'!     4^'-'-'^}'- 

^^^i^^^w'/    LevtrArtTK 


{b)  Hethods.'^onstruct  a  truss  diagram  carefully  to  scale  as  shown.  Construct  one-half 
tKe  truss  to  scale  on  a  Urge  piece  of  paper  and  calculate  the  lever  arms  as  shown,  and  check  by 
Kaling  from  the  diagram.     The  methods  of  calculation  will  be  shown  by  two  examples: 

1.  Stresses  in  Tie  6-7.  Dead  Load  Stress. — Pass  a  section  cutting  members  y-X,  6-7,  and 
6-  Y,  and  cutting  away  the  truss  to  the  right.  The  center  of  moments  will  be  at  .4 ,  the  inter- 
section of  chords  J-X  and  fr-Y.  Now  assume  the  stress  in  6-7  as  an  external  force  acting  froM 
the  outside  toward  the  cut  section.  Then  for  equilibrium  6-7X477-0  +  ^1X575—3''' 
X  635  =  o.  Now  ^1  "  146.35  tons  and  W  —  23.5  tons,  and  solving  the  equation  gives  stmt 
6-7 87.8  tons. 

Live  Load  Stresses. — The  maximum  live  load  stress  in  6-7  will  occur  with  the  longer  segnKiU 
of  the  truss  loaded.  Taking  moments  about  point  A  as  for  the  dead  loads  the  maximum  live  load 
stress  6-7  X  477-0  +  ^i  X  575  =  o.  Now  fix  =  55/'4  X  35  to™  -  '37-5  tons,  and  the  suat 
in  6-7  =  -  165.8  tons. 

The  minimum  live  load  stress  in  6-7  will  occur  with  the  shorter  segment  of  the  truss  kaded. 
Taking  moments  about  the  point  A,  6-7  X  477.0  +  Ri  X  S75  -  3P  X  625  -  o.  Now  Ri  -V> 
tons,  P  -  35  tons,  and  stress  in  6-7  =  +  39-1  tons. 

2.  Stresses  in  Tie  4-7.  Dead  Load  Stress. — ^Pass  a  section  cutting  members  7-X,  4-7,  4-S 
and  5-  Y,  and  cutting  away  the  truss  to  the  right.  Now  assume  the  stress  in  4-7  as  an  external 
force  acting  from  the  outside  toward  the  cut  section.  Then  for  equilibrium  about  the  point  A, 
stress  4-7  X  477-0  +  Ri  X  575  -  stress  4-5  X  443.0  -  3H'  X  612.5  -  o.  Now  the  member 
4-5  will  carry  one- half  the  load  carried  by  5-6,  and  the  stress  equals  1/2  X  M.5  X  I-414  •■  +  i5-9 
tons.     Ri  =■  146.25  tons,  and  iW  —  45  tons.     Then  stress  4-7  =  —  103.6  tons. 

Luie  Load  Stresses. — The  maximum  live  load  stress  in  4-7  will  occur  with  the  longer  acgineot 
loaded.     Taking  moments  about  A  as  for  dead  loads,  stress  4-7  X  477.0  +  Ri  X  575  —  Btre» 
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4-5  X  442.0  -  o.  Now  etreN  4-5  -  +  M^  tons,  and  R,  =  66/14  X  35  =  '65  ton*-  Then 
etresa  4-7  =  -  «75-7  tona- 

Tbe  minimum  live  toad  ttreM  in  4-7  will  occur  with  two  loads  to  the  left  of  the  panel.  Taking 
moments  about  the  point  A,  the  kkm  *~7  X  477.0  +  J?i  X  S75  —  aP  X  613. 5  »  o.  Now 
R,  "  62.5  tons  and  aP  =  70  tons.    Tben'KresB  4-"  -  +  14.3  toni. 

The  stresses  in  the  members  in  the  fint  and  aecond  panels  and  in  the  two  middle  panels  may 
be  calculated  by  coefficients.  Check  up  the  dead  kiad  chord  strcMea  by  comparing  with  the 
the  stresses  obtained  by  graphic  resolution  in  Problem  6. 

(c)  Results. — The  auxiliary  members  carry  the  stresses  directly  toward  the  abutments  and 
there  is  no  ambiguity  of  loading  as  in  the  case  of  a  truss  subdivided  as  in  Problem  16.  However, 
the  method  of  subdividii^  shown  in  Problem  16  Is  used  in  preference  Co  that  shown  in  this  problem. 
The  Petit  trust  is  quite  generally  used  for  long  span  pin-connected  highway  and  railway  bridges. 

Problem  mA.    Maxihuu  and  Minimuu  Stresses  in  a  Petit  Truss  by  Algebraic  Moments. 
(a)  ProUam. — Given  a  Petit  truss  with  the  same  span  and  loads  as  in  ProUem  as,  the 
auxiliary  bracing  to  be  the  same  as  in  Problem  t6.    Calculate  the  maximum  and  minimum 
stresses  due  to  dead  and  live  loads  by  algebraic  moments. 

Problem  23.    Live  Load  Stresses  in  a  Tbroucb  Pratt  Truss  for  Cooper's  E  60  Loading. 

(a)  Prablmn. — Given  a  Pratt  truss,  span  165'  o",  panel  length  33'  6i",  depth  30'  o",  live 
load  Cooper's  E  60  loading.  Calculate  the  position  of  the  loads  and  the  maximum  and  minimum 
•tresaes  due  to  the  prescribed  loading  by  algebraic  moments.     Scale  of  truss,  i"  =  35'  o". 

(6)  Hvfiioda.  Chord  Strtsses. — Calculate  the  position  of  the  wheels  for  a  maximum  bending 
moment  at  the  different  ioints  in  the  lower  chord.    The  criterion  for  maximum  bending  moment 
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at  any  joint  in  a  E^tt  truss  is,  "the  average  load  on  the  left  of  the  section  mu^  be  the  aame 
as  the  average  load  on  the  entire  bridge."  Having  determined  the  wheel  that  is  at  the  joint  for 
a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown.  Having  calculated 
the  maximum  bending  momenta,  the  chord  Btresses  are  found  by  dividing  the  bending  moment 
by  the  depth  of  the  truss.     The  moment  diagram  is  given  in  Table  II,  Chapter  IV. 

W^  Stresses. — Calculate  the  position  of  the  wheels  for  maximum  shears  in  the  different 
panels.  The  criterion  for  maximum  shear  in  a  panel  is,  "the  load  on  the  panel  must  equal  the 
load  on  the  bridge  divided  by  the  number  of  panels,"  The  criterion  for  maximum  bending 
moment  at  Li  is  the  same  as  the  criterion  for  maximum  shear  in  panel  LtLi.  Having  deter- 
mined the  position  of  the  wheels  for  maximum  shears  in  the  didercnt  panels,  calculate  the  maxi- 
mum shears  as  shown.     The  stress  in  a  web  is  equal  to  the  shear  in  the  panel  multiplied  by  sec  *. 

Floorbeam  Reaction. — The  stress  in  the  hip  vertical  ViLi  is  equal  to  the  maximum  floorbeam 
reaction.  The  floorbeam  reaction  is  equal  to  the  bending  moment  at  the  center  of  a  span  equal 
to  two  panel  lengths,  multiplied  by  2  divided  by  the   panel  length. 

(c)  Results. — When  the  maximum  stresses  occur  in  chords  UtV,,  U,Ut'  and  ijij',  counter 
Ui'Li  is  in  action.  If  more  than  one  position  of  the  loading  will  satisfy  the  criterion  (or  maximum 
bending  moment,  the  moments  (or  each  loading  must  be  calculated. 

Problhh  33A.  Live  Load  Stresses  in  a  Tbrough  Pbatt  Truss  for  Cc»opbb's  E  60  Loading. 
(o)  Problem. — Given  a  Pratt  truss,  span  loo'  o",  panel  length  25'  o",  depth  32'  a",  live  load 
Cooper's  E  60  loading.  Calculate  the  position  o(  the  loads  and  the  maximum  and  minimum 
stresaea  due  to  the  prescribed  loading  by  algebraic  moments.  Check  by  calcubting  maximum 
and  minimum  stresses  for  equivalent  uniform  live  load  as  given  in  Fig.  3.  Chapter  XIX. 

Problem  24.    Live  Load  Stresses  in  a  Cahel-back  Truss  for  Cooper's  E60  Loading. 

(a)  Problem. — Given  a  camel-back  truss,  span  lOo'  ol",  panel  length  28'  6j",  depth  at  hip 
30'  o",  depth  at  second  panel  point  34'  o",  depth  at  center  36'  o".  Calculate  the  position  of  the 
loads  and  the  maximum  and  minimum  stresses  due  to  the  prescribed  loading  by  algelK^ic  moments. 

(b)  Hediods.  Chord  Stresses. — Calculate  the  poution  of  the  wheels  for  maximum  bending 
moment  at  the  different  joints  in  the  lower  chord.  The  criterion  for  the  maximum  bending 
moment  at  any  joint  in  a  camel  back  truss  is,  "the  average  load  on  the  left  of  the  section  must  be 
the  same  as  the  average  load  on  the  entire  bridge."  Having  determined  the  wheel  that  is  at  Che 
joint  for  a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown.  Having 
calculated  the  maximum  bending  moments,  the  upper  chord  stresses  are  (ound  by  dividing  the 
bending  moment  by  the  perpendicular  distance  from  the  joint  to  the  member.  The  lower  chord 
stresses  are  found  by  dividing  the  bending  moment  by  the  depth  of  the  truss.  The  moment 
diagram  is  given  in  Table  II,  Chapter  IV. 

Web  Slressei. — Calculate  the  position  o(  the  wheels  for  maximum  shears  in  the  different 
panels.  The  criterion  for  maximum  shear  in  a  panel  of  a  truss  with  inclined  chords  is  formula 
(30)  Chapter  IV.  The  criterion  (or  maximum  bending  moment  at  L,  is  the  same  a^ 
(or  maximum  shear  in  panel  I^Li.  Having  determined  the  position  o(  the  wheels  (or  n: 
■hears  10  the  different  panels,  calculate  the  shears  and  stresses  as  shown. 

(c)  RestUtB.— When  the  maximum  stresses  occur  in  chords  U,U,.  U,U,'  and  L,Lt',  counter 
Ut'Lt  ia  in  action.  If  more  than  one  position  o(  the  loading  will  satisfy  the  criterion  (or  maxi- 
mum bending  moment,  the  moments  (or  each  loading  must  be  calculated. 

Probleu  34A.    Live  Load  Stresses  in  a  Camkl-back  Truss  for  Cooper's  E60  Loading. 

(a)  Problem. — Given  a  camel-back  truss,  span  200'  o",  panel  length  25'  o",  depth  at  hip 

30'  o",  depth  at  second  panel  34'  o",  depth  at  third  and  center  panel  36'  o".    Calculate  the 

poution  of  the  loads  and  the  maximum  and  minimum  stresses  by  algebra 
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ntOBLBu  35.    Stresses  in  the  Portal  of  a  Bkidcb  bv  Algebraic  Moments  and  Ckaphic 
Resolution. 
(a)  hoblem. — Given  the  portal  of  a  bridge  of  the  type  ahown,  inclined  height  30'  o",  center 
to  center  width  15'  o",  load  'R  —  2,000  lb.,  end-posts  pin-coooected  at  the  hose.    Calculate  the 
stresses  by  algebraic  moments  and  check  by  graphic  resolutioa.    Scales  as  shown. 

(i)  Hetbods. — Now  H  =  H'  -  1,000  lb,  V  =  —  V,  and  by  taking  moments  about  B, 
t'  =  30  X  2,000/15  "  4,000  lb.  =  —  v. 

Algebraic  Moments, — In  passing  sections,  care  should  be  used  to  avoid  cutting  the  end-posts 
for  the  reason  that  these  members  are  subject  to  bending  stresses  in  addition  to  the  direct  stresses. 
To  calculate  the  stress  in  member  3- K  take  the  center  of  moments  at  joint  (i)  and  pass  a  section 
cuUing  members  4-6,  3-4  and  3-y,  and  cutting  the  portal  away  to  the  left  of  the  section.  Then 
assume  stress  3-F  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-I' 
X  10  X  0.447  (sin  e)  +H  X20'  ~  O-  The  stress  in  i-¥  -  -  6,710  lb.  The  remaining  stresses 
are  calculated  as  shown 

Graphic  fUsoltUion.~hay  off  a-A  ^  A-b  -  H  -  1,000  lb.,  and  A-Y  =  V  =  4,000  lb. 
Then  beginning  at  point  B  in  the  portal  the  force  polygon  for  equilibrium  is  a-A-Y-i'-a,  in  which 
I'-a  is  the  stress  in  the  auxiliary  member  i-o,  and  Y~l'  is  the  stress  in  the  post  i-F  when  the 
auxiliary  member  is  acting.  The  true  stress  in  \-Y  is  equal  to  the  algebraic  sum  of  the  vertical 
components  of  the  stress  I'-a  and  Y-\',  and  equals  V  —  —  4,000  lb.  Next  complete  the  force 
triangle  at  the  intersection  of  the  auxiliary  members.  Stress  i'-<t  is  known  and  the  force  polygon 
i»a-i'-3'-a,  the  forces  acting  as  shown.  The  stress  diagram  is  carried  through  in  the  order  shown, 
checking  up  at  the  point  A.  The  correct  stresses  are  shown  by  the  full  lines  in  the  stress  diagram. 
The  true  stress  in  3-2  will  produce  equilibrium  for  vertical  stresses  at  joint  (l)  as  shown.  The 
maximum  shear  in  the  pasta  is  J?  ■■  1 ,000  lb.  The  maximum  bending  moment  in  the  posts  will 
occurat  thefoot  of  the  member  3- F,  joint  (3),  and  \i  M  =  1,000  X  zo  X  12  -  240,000  in.-lb. 

(c)  Remits. — The  method  of  graphic  resolutioa  requires  less  work  and  is  more  simfde  than 
the  method  of  algebraic  moments. 

Note:  The  portal  is  not  pin-connected  at  joints  (3)  and  the  corresponding  joint  on  the 
opposite  side,  as  might  be  inferred  from  the  figure. 

Problem  25A.  Stresses  in  tbe  Portal  of  a  Bridge  bv  Algebraic  Moments  and  Graphic 
Res<m.ution. 
{a)  ProUem. — Given  the  portal  shown  in  Problem  25,  except  that  tbe  posts  are  fixed  at 
their  bases.  Calculate  the  stresses  by  algebraic  moments  and  check  by  graphic  resolutioa.  As- 
sume tbe  point  of  contraflexure  as  half  way  between  the  base  of  the  post  and  the  foot  of  the  knee 
brace.    Scales  as  in  Problem  25. 

E>ROfiLEM  26.    Wind  Load  Stresses  in  a  Trestle  Bent. 

(a)  Probl«iti. — Given  a  trestle  bent,  height  45'  o",  width  at  the  base  30'  o",  width  at  tbe  top 
9'  o",  wind  loads  Po,  Pi,  Pi,  Pi,  Pt.  as  shown.  Calculate  the  stresses  in  the  members  of  the  bent 
due  to  wind  loads  by  algebraic  moments,  and  check  by  calculating  the  stresses  by  graphic  resolu- 
tion. Assume  that  the  diagonal  members  are  tension  members,  and  that  the  dotted  members 
are  not  acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  i"  -  10'  o".  Scale  of  loads, 
I"  -  2,000  lb. 

{b)  Ucdiods.  Algebraic  Moments. — To  calculate  Che  stresses  in  the  diagonal  members  take 
centers  of  moments  about  the  point  A,  the  point  of  intersection  of  the  inclined  posts.  Then  to 
calculate  the  stress  in  3-4,  pass  a  section  cutting  members  3-X,  3-4  and  4-~K:  assume  that  the 
stress  in  3-4  is  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-4  X  15.9' 
+  3.000  X  19.3'  -f  3,000  X  11.3'  =  O.  The  stress  3-4  -  -  5,800  lb.  Stresses  in  4-5,  5-6, 
6-7,  7-8  and  8-Z  arc  calculated  in  a  similar  manner.    To  obtain  reaction  A,  take  moments  about 
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Bridge  Ana  lysb  Problem  27. 

Wind  Lpod^tresaes-Transwrse  berA 

5  ft  wrfkat  pnfctien 

^^F^^  fl'XO'S-isoo* 

W\P,'3OO'^--f750* 


^t^- 
'^\/ 

^^w^ 


5   ffftAi 


ytftdLoad  5lmi  Diagram 


<  45'  -  3.000  X  53'  =■  o-     Then  fii  ■ 


Rx,  and  R,  X  30'  -  2,cx)o  X  15'  -  2.000  X  30'  ■ 
12,800  lb,  =  -  Rx. 

To  calcutate  the  streta  in  ^-Y,  take  center  of  moments  at  joint  Pi,  and  pass  a  section  cutiit 
membere  %-X,  4-5  and  4-V,  and  assume  the  stress  in  4-y  as  an  external  (orce  atrting  from  tl* 
outside  toward  the  cut  section.  Then  \-Y  X  156'  -  3,000  X  15'  -  3,000  X  23'  -  o.  Tbra 
\-Y  -  +7,300  lb. 

Graphic  Retolulion. — The  load  Po  is  assumed  as  transferred  to  the  Yxat  by  means  of  tb( 
auxiliary  members.  The  loads  Po,  Pi,  Pt,  Pi,  Pi  arc  laid  off  as  shown,  and  uHth  the  kod  ?■ 
the  itresa  triangle  Y-X-3  is  drawn.     The  remainder  of  the  solution  is  easily  (oUowed. 

{c)  Rentlts. — The  stress  in  the  auxiliary  member  i-Y  acts  as  a  load  at  the  top  of  po«t  4-T 
Load  Pt  is  the  wind  load  on  the  train  and  is  transferred  to  the  rails  by  the  car.  For  the  res** 
(hat  the  wind  may  blow  from  the  opposite  direction,  both  sets  of  stresses  must  be  coiuidCRd  a 
combination  with  the  dead  and  live  load  stresses  in  designing  the  columns. 
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PsoBLKM  36a.  Wind  Load  Stresses  in  a  Trestlb  Bbnt. 
(a)  Problem. — Given  a  trestle  bent,  height  54'  o",  panels  18'  o",  width  at  the  baae  30'  o", 
width  at  the  top  8'o",  wind  loads  P.,  Pi,  P,,  P,,  Pt  as  shown  in  Problem  26.  Calculate  the  streases 
JQ  the  members  of  the  bent  due  to  wind  loads  by  algebraic  momentB,  and  check  by  calculating  the 
stresses  by  graphic  resolution.  Assume  that  the  diagonal  members  are  tension  members,  and 
that  the  dotted  members  are  not  acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  i"  =  10' 
o".     Scale  of  loads,  l"  =  3,ooo  lb. 


Pkobleii  37.    Wind  Load  Stresses  in  a  Traksvbkse  Bent  by  Gkaphic  Resolution. 

(a)  Prablem. — Given  a  transverse  bent,  span  40'  o",  pitch  of  roof  i,  height  of  posts  20'  o", 
posts  pin-connected  at  the  base,  wind  load  20  lb.  per  square  foot  of  vertical  projection.  Calculate 
the  wind  load  stresses  in  the  bent  by  graphic  resolution.  Scale  of  bent,  i"  ~  10'  o".  Scale  of 
loads,  i"  •-  3,000  lb. 

(6)  HethodB.— Now  H  -  jZP  -  4,500  lb.  -  H'.  To  calculate  V  take  moments  about 
the  foot  of  the  right-hand  post,  and  F  X  40'  —  3,000  X  13!'  —  1,750  X  20'  —  1,500  X  25' 
-  750  X  30'  =  o.    Then  V  -  +  3,375  lb.  -  -  V. 

To  construct  the  stress  diagram  lay  off  the  load  line  Pi  +  P,  +  Pt  +  Pt  +  Pt,  and  i-F 
=  K  ■■  3,375.  lb.  Beginning  at  the  foot  of  the  windward  post,  V  acts  downward,  H  —  X-t 
acts  to  the  left,  Fi  acts  to  the  right.  The  polygon  is  cloMd  by  drawing  lines  parallel  to  I-.^  and 
l-Y,  the  final  stress  polygon  being  Y-i-X-X-i'.  Then  pass  to  the  load  Pi  in  the  transverse 
bent,  and  in  the  stress  diagram  Pi  acts  to  the  right,  l-X  acts  upwards  to  the  left,  1-3  acts  to  the 
right,  and  2-X  acts  downwards  to  the  left,  doung  the  polygon.  The  remainder  of  the  stress 
diagram  is  drawn  in  a  similar  manner,  passing  to  the  foot  of  the  knee  brace,  then  to  the  top  of  the 
post,  etc.,  finally  checking  up  at  the  foot  of  the  leeward  post.  The  maximum  shear  is  in  the  lee- 
ward post,  below  the  knee  brace  the  shear  is  ^  ~  4,5<>'>  lb.,  above  the  knee  brace  the  shear  is  the 
horizontal  component  of  the  stress  in  10-X  =  10'— X^  =  9,000  lb.  The  maximum  bending  moment 
in  the  post  is  at  the  foot  of  the  leeward  knee  brace  and  is  M  =  4,500  X  13I  "  60,000  ft. -lb. 
For  further  explanation  see  the  author's  "The  Design  of  Steel  Mill  Buildings." 

(c)  Results. — The  stresses  in  the  membeis  do  not  follow  the  usual  rules  for  trusses  loaded 
with  vertical  loads;  the  top  chord  is  partly  in  tenaon  and  partly  in  compression,  while  the  bottom 
chord  is  in  compression.  The  bent  should  be  designed  for  the  wind  load  stresses  combined  with 
the  dead  load  and  the  minimum  snow  load  stresses,  for  the  snow  load  and  the  dead  load  stresses, 
or  for  the  wind  load  and  the  dead  load  stresses,  whichever  combination  produces  maximum 
stresses  or  reversals  of  stresses. 

The  stresses  in  the  posts  are  calculated  by  dropping  the  points  i,  3,  10  and  11  to  the  points 
■  ',  3',  10  and  11',  respectively,  on  the  load  line,  or  on  load  line  produced.  The  stresses  in  the 
windward  post  are  I'-K  and  3-3,  while  the  stresses  in  the  leeward  post  are  ii'-F  and  9-I0'. 
The  maximum  shear  in  the  leeward  post  is  above  the  knee  brace  and  is  io'-;C  =  9,000  lb. 


PsoBLBH  37A.  Wind  Load  Stresses  in  a  Transverse  Bent  by  Graphic  Res(x.ution. 
(d)  I^blem. — Given  a  transverse  bent,  span  40'  o",  pitch  of  roof  i,  height  of  posts  3o'  o", 
posts  pin-connected  at  the  base,  wind  load  so  lb.  per  square  foot  normal  to  the  sides  and  the 
normal  component  of  a  horizontal  wind  load  of  30  lb.  per  square  foot  on  the  roof.  (The  normal 
load  on  the  roof  for  a  horizontal  wind  load  of  30  lb.,  is  33^  lb.  per  >q.  ft.,  see  "  Steel  Mill  Build- 
"igs.")  CalcuUte  the  wind  load  stresses  in  the  transverse  bent  by  graf^ic  resolution.  Scale 
of  bent,  i"  -  10'  o".    Scale  of  loads,  i"  -  3,000  lb. 
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PART   II. 
DESIGN  OF  STEEL  AND  TIMBER  BRIDGES. 


CHAPTER  VIII. 

Types  op  Bridges. 

IntrodncticHi. — A  tniaa  ii  a  framework  compoaed  of  individual  nwinbeTB  ao  fastened  t<^ther 
that  loads  applied  at  the  joints  produce  only  direct  tension  or  compresuon.  The  triangle  is  the 
only  geometrical  figure  in  which  the  fonn  is  changed  only  by  changing  the  teilgths  of  the  sides. 
In  its  simplest  form  every  truss  is  a  triangle  or  a  combination  of  triangles.  The  members  of  the 
tnisB  are  cither  fastened  together  with  [uns,  pin-connected,  or  with  plates  and  rivets,  riveted. 


Fig.  I.    DuGRAUUATic  Sketch  of  a  Thkough  Pkatt  Truss  Hichwav  Bridge. 

The  bri<^  in  Fig.  I  consists  of  two  vertical  trusses  which  cany  the  floor  and  the  load;  two 
horizontal  truMes  in  the  planes  of  the  top  and  bottom  chords,  respectively,  which  carry  the 
borizfmtal  wind  load  along  the  bridge;  and  croaa-bracing  in  the  plane  of  the  end-poets,  called 
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portals,  and  In  the  plane  of  the  intermediate  posts,  called  sway  bracing.  The  floor  is  carried  on 
joista  placed  parallel  to  the  length  of  the  bridge,  and  which  are  supported  in  turn  by  the  lloorbeams. 
The  names  of  the  different  parts  of  the  bridge  are  shown  in  Fig.  i.  The  main  ties,  hip  verticals, 
counters  and  intermediate  posts  are  together  called  webs.  The  bridge  shown  in  Fig.  i  is  a  through 
pin-connected4iridge  of  the  Piatt  type,  the  traflic  passing  through  the  bridge.     The  bridge  shown 


Quarhr  TopPhi  (>i/arftrgettemPlan 

Fig.  a.     Plan  of  a  Low  or  "Pony"  Truss  Higbi 

in  Fig.  I  has  square  abutments;  the  abutments  are  not  at  right  angles  to  the  center  line  of  the 
bridge  in  a  "skew"  bridge.  Short  span  highway  and  railway  bridges  have  low  trusses  and  no 
top  lateral  system  nor  portals.  In  a  railway  bridge  the  track  and  ties  are  supported  on  stringers, 
which  replace  the  joists  in  F^.  i. 


•  Fic.  3-    A  Warkeh  Low  Truss  Highway  Budge. 

A  low  truss  highway  bridge  of  the  Warren  type  is  shown  in  Fig.  2,  and  a  view  of  a  ^milar 
bridge  is  shown  in  Fig.  3.  The  trusses  are  built  up  of  angles  riveted  together  by  means  of  connec- 
tion plates.  Bridges  of  this  type  are  built  with  spans  of  from  30  to  75  feet.  Low  truss  bridges 
are  also  made  with  pin-«innccted  joints.  A  pin-connected  low  Pratt  truss  bridge  is  shown  in 
Fig.  4. 
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Fig.  4.    A  Phatt  Low  Truss  Highway  Bsidge:  Seven  ioo-ft.  Spans. 

The  toads  are  sometimea  carried  on  the  top  chord  as  in  Fig.  5,  which  is  a  highway  bridge 
built  for  the  U.  5.  Government  in  the  Yellowstone  Park.  In  this  truss  the  end-posts,  top  chords 
and  intermediate  posts  are  composed  of  2  channels  laced;  while  the  lower  chords,  hip  verticals. 


4. .""'' ^  '1 


Fleer  Plan. 
Fig.  5.     Dbck  Pratt  Pin-coknected  Hichwav  Bridge. 

main  tics  and  counters  are  composed  of  eye-bars.  The  tloorbeams  are  I  beams  15  inches  deep 
weighing  50  lb.  per  lineal  foot  (15"  I  @  50  lb.),  while  the  joists  are  7"  Is  and  7"  [s.  A  deck 
highway  bridge  is  shown  in  Fig.  6. 

T^ws  of  TrtMses  and  Bridges. — The  simplest  type  of  bridge  is  the  beam  bridge,  (a)  Fig.  7. 
Beam  bridges  commonly  consist  of  I  beams  which  span  the  opening,  and  are  placed  near  enough 
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Fig.  6.    Deck  Higbwav  Bridge. 


(ajBeam  Br^qg.  ^cfj loyr  Mxrren  Trvss. 


.^^^^ 


(b)Beam  LlfBnd^f.      UjLlMFIvrftTnss.HalfHlp. 


^^^\u,f^^^^ 


(e)  Truss  Leg  Bridge,  (f)  Low  h'aft  Truss.Full Slope, 

Fig.  7.    TvPBS  of  Shobt  Span  Highway  Bsidgbs. 
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tof^her  to  carry  the  floor  of  the  bridge.  Where  foundations  are  relatively  expensive  the  beams 
may  be  carried  on  poets  as  in  (6)  Fig.  7.  A  truss  leg  bridge  is  shown  in  (.c)  Fig.  7,  Types  (i) 
and  (c)  unless  constructed  with  great  care  make  inferior  structures  and  are  not  to  be  recommended. 
A  Warren  truss  is  a  combina.tion  of  isosceles  triangles  as  shown  in  [d)  Fig.  7  and  in  (c)  Fig.  8. 
The  E*ratt  trusa  has  its  vertical  web  members  in  compression  while  its  diagonal  web  members  are 
in  tension,  as  shown  in  (e)  and  (/]  Fig.  7  and  in  (b)  Fig.  8.  The  Warren  truss  is  commonly 
built  with  riveted  joints  while  the  Pratt  truss  is  usually  built  with  pin-connected  joints.  The 
Warren  low  truss  with  riveted  joints  as  shown  in  (d)  is  generally  preferred  in  place  of  the  low 


(V  Ti^ouBH  muFfiu  Vmss  (F)  Camel  Back 


^  Thboush  BMnMoec  Truss 


W  TieioaaH  Petit  Tkusi  (j)K-TilUSS 

FiG.  8.    Tyi>es  of  High  Truss  Bridges. 

Pratt  truss  in  either  (e)  or  </)  Fig.  7,  The  Howe  truss  has  its  vertical  web  members  in  tension, 
and  its  inclined  web  members  in  compression  as  shown  in  (o)  Fig.  8.  The  upper  and  lower  chords 
and  the  inclined  members  of  a  Howetrussarecommonly  made  of  timber,  while  the  vertical  tendon 
members  are  iron  or  steel  rode. 

The  Whipple  truss,  (<),  Fig.  8,  is  a  double  intersection  Pratt  truss.  This  truss  was  designed 
to  give  short  panels  in  long  spans  which  have  a  considerable  depth.  The  stresses  in  the  Whipple 
ti-iiBS  are  indeterminate  for  moving  loads,  and  its  use  has  been  practically  abandoned,  the  Baltimore 
truss,  Cg)i  Pig'  8,  being  used  in  its  place.  The  quadrangular  Warren  truss,  (d),  Fig.  8.,  and  Fig. 
10,  with  riveted  joints,  is  used  as  a  standard  truss  for  through  highway  bridges,  with  spans  of 
from  80  to  170  feet,  by  the  American  Bridge  Company.  Like  the  Whipple  truss  its  stresses  are 
indeterminate  for  moving  loads. 

For  spans  of  from,  say,  170  to  340  feet  it  is  quite  common  to  use  pin-connected  trusses  of  the 
Pratt  type  having  inclined  chords  as  in  (/),  Fig.  8,  and  Fig.  il. 

The  Baltimore  truss,  (g),  Fig.  8,  is  a  Pratt  truss  with  parallel  chords  in  which  the  main  panels 
have  been  subdivided  by  an  auxiliary  framework.     The  auxiliary  framework  may  have  struts 


aqitizecibyGoQl^lc 


108  TYPES  OF   BRIDGES.  Cbap.  VIII. 

as  in  (£),  or  ties  as  in  (i).  Fig.  8.  The  Baltimore  truss  with  inclined  upper  chords,  (t).  Fig.  8, 
is  called  a  Petit  truss.  The  stresses  in  Baltimore  and  Petit  trusaes  are  statically  determinate 
for  all  conditions  of  loading.  These  trusses  are  economical  in  construction  and  satisfactory  in 
service,  and  have  entirely  replaced  the  Whipple  tnisa  for  long  span  bridges. 


Fic.  9-    Tbrouch  Riveted  [>katt  Truss,  hi' 6"Si>an,  Ovbb  Illinois  and  Mississippi  Canai 


The  K-truss  shown  in  (h)  and  (j).  Fig.  8,  is  more  economical  than  the  Petit  truss,  and  in 
addition  has  smaller  secondary  stresses,  and  is  rapidly  coming  into  general  use. 

The  types  of  simple  bridge  trusses  described  above  arc  those  that  are  in  the  most 
use,  although  quite  a  number  of  other  types  of  trusses  have  been  used  and  abandoned. 
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TYPES  OF  BRIDGES. 


.  Fig.  12.     Plate  Gikder  Hicbway  Bridge,  Built  by  American  Bridge  Company. 


Fig.  14.    Swing  Bridge,  Turntable  Bearing. 

%CiV3}  GinStf        TvfferSpan         Inttrmtdhft Span       '^trtfSpan  CrosiSii^trj 
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TYPES  OF  STEEL   HIGHWAY  BRIDGES.  Ill 

BEAHS  AND  PLATE  GIRDERS.— For  spans  o/,  say,  30  fe^  and  under  rolled  beams 
arc  often  used  to  carry  the  roadway,  while  for  spans  from  about  30  to  100  feet  plate  girders  are 
used.  When  the  roadway  is  carried  on  top  of  the  girders,  the  bridge  is  called  a  deck  plate  girder 
bridge,  and  when  the  roadway  passes  between  the  girders,  the  bridge  is  called  a  through  plate 
girder  bri<^  as  in  Fig.  13. 


Fig.  16.    Clahiton-Clifton  Two-hinged  Asch  Highway  Budgs  Ovbr  Niagaka  Riveb. 

SWIKG  BRIDGES.— Swing  bridges  may  be  made  of  plate  girders  or  trusses,  and  may  turn 
on  a  center  |hvoI  as  in  Fig.  13,  or  on  a  turntable  supported  on  a  drum  as  in  Fig.  14.  The  center 
pivot  swing  bridge  has  two  spans  continuous  over  the  pivot  support,  while  the  turntable  swing 


Fio.  17.    Cantilbvbr  Highway  Bkidge. 


bridge  has  three  spans  ordinarily  continuous  over  the  two  turntable  supports.    When  the  swing 
bridge  is  open  each  arm  acts  as  a  simple  cantilever  span. 

STEKL  TRESTLES. — Steel  trestles  are  used  for  carrying  the  roadway  at  a  considerable 
distance  above  the  ground.  Fig.  15.    The  tower  and  intermediate  spans  are  commonly  built  of 
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plate  girders,  whether  the  trestle  carries  a  railroad  or  a  highway  roadway.  The  tower  consists 
of  two  trestle  bents  as  in  (a)  or  (rf),  braced  together  by  longitudinal  bracing  as  in  (6)  or  (c)  Fig.  15. 
Bracing  as  in  (a)  and  (b)  is  uaed  with  either  adjustable  or  rigid  di^onal  members,  while  bracing 
(e)  and  (d)  is  used  only  for  rigid  members. 

STEEL  AKCHES.— Steel  arch  bridges  are  made  (l)  with  tbree  hinges,  (a)  with  two  hinges, 
and  (3)  without  hinges,  and  may  have  solid  webs,  or  S|)aiidrel  or  open  webs.  A  two-hinged  high- 
way arch  is  shown  in  Fig.  16. 


Fig.  18.    Suspension  Highway  Bkidge  Ovki  Niagara  Rivkh  at  Queenston,  Ontakio. 


CAirriLEVER  BRIDGES.— A  cantilever  bridge  consists  o(  two  anchor  spans,  which  support 
a  suspended  or  channel  span.  The  shore  ends  of  the  anchor  spans  are  anchored  to  the  shore  pier 
and  are  supported  on  the  river  pier.     A  cantilever  highway  bridge  is  shown  in  Fig.  17. 

SUSPENSIOn  BRIDGES.— In  a  suspension  bridge  the  roadway  is  supported  by  hangers 
attached  to  the  main  cables.  StifTening  trusses  are  plact;d  above  the  plane  of  the  roadway  to 
assist  in  distributing  the  live  loads  and  for  the  purpose  of  increasing  the  rigidity  of  the  structure. 
The  suspension  highway  bridge  over  the  Niagara   River  at  Queenston,  Ont.,  is  shown  in  Pig.  18. 

Simple  truss  bridges,  beam  and  plate  girder  bridges,  only,  will  be  considered  in  this  book. 
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CHAPTER   IX. 
Data  for  the  Design  of  Steel  Highway  Bridges. 

TYPES  OP  STRUCTURE. — The  types  of  structure  for  steel  highway  bridges  as  recommended 
by  the  author  are  pven  in  Kction  3,  "General  Specifications  for  Steel  Iliehway  Bridges,"  printed 
in  Appendix  1- 
The  fallowing  data  will  show  present  standard  practice. 

niinoia  Highway  CODUnisiioii. — The  types  of  highway  bridge  recommended  by  the  commis- 
^on  arc  as  follows: 

Concrete  Bridgfis. — For  culverts  requiring  a  waterway  ot  I3  square  feet  or  less,  pbin  or  rein- 
forced concrete  arch  culverts  or  aquare  culverts,  reinforced  concrete  pipes  or  double  strength  cast- 
iron  pipe. 

For  culverts  having  an  area  of  more  than  13  square  feet,  and  for  bridges  having  a  span  up  to 
30  ft.,  reinforced  concrete  slabs,  plain  or  reinforced  concrete  arches. 

For  spans  of  30  ft.  to  65  ft.,  reinforced  concrete  through  or  deck  girders,  plain  or  reinforced 
concrete  arches. 

For  spans  greater  than  65  ft.,  plain  or  reinforced  concrete  arches. 

Sted  Bridges. — For  spans  of  12  ft.  to  45  ft.,  steel  I-beams;   for  s]>ans  of  30  ft.  to  loo  ft.,  plate 

girders  or  riveted  pony  trusses;   for  spans  of  90  ft.  to  160  It.,  riveted  trusses  with  parallel  chords; 

ioctpuaoi  160  ft.  and  more,  riveted  or  pin-connected  trusses  with  paraJIel  or  inclined  upper  chords. 

Vam.  Highway  Commission. — The  types  of  highway  bridges  recommended  by  the  commission 

are  as  follows: 

Concrete  Bridges. — Box  culverts  for  spans  up  to  16  ft.;  slab  bridges  for  sftans  from  14  ft.  to 
35  ft.;  arch  culverts  and  bridges  for  spans  of  6  ft.  and  over;  girder  bridges  for  spans  of  from  34  ft. 
to  40  ft. 

Sted  Bridges. — Steel  I-beams  up  to  33  ft.  span;  plate  girders,  30  ft.  to  80  ft.  span;  low  truss 
30  ft.  to  100  ft.  span;  high  trues  100  ft.  span  and  ovw,  riveted  up  to  140  ft.  span. 

Hassachiuetts  Public  Serrice  Commission. — The  types  of  highway  bridge  recommended  by 
the  commiasion  are  as  follovrs: 

Ste^  Bridges. — For  spans  up  to  30  ft.,  wooden  stringers  or  rolled  beams;  for  spans  from  30  ft. 
to  40  ft.,  rolled  beams  or  plate  girders;  for  spans  from  40  ft.  to  70  ft.,  plate  girders;  for  spans  from 
70  it.  to  100  ft.,  plate  girders  or  riveted  trusses;  for  spans  from  100  ft.  to  135  ft.,  riveted  trusses; 
for  spans  from  135  ft.  up,  riveted  or  pin  trusses. 

a  Sf^way  Commission. — The  types  of  highway  bridge  recommended  by  the  com- 
E  follows: 
Concrete  Bridges, — Spans  of  l)  ft.  to  10  ft.,  slab  culverts  and  bridges;  spans  10  ft.  to  18  ft.. 
Blab  bridges;  spans  10  ft.  to  40  ft.,  through  girders. 

SUd  Bridges.— Spam  10  ft.  to  38  ft.,  rolled  beams;  spans  35  ft.  to  80  ft.,  Warren  riveted  low 
tntaeea  or  plate  girders:  spans  80  ft.  to  135  ft.,  Pratt  riveted  high  trusses;  spans  over  135  ft., 
riveted  high  trusses  with  curved  chords. 

WIDTH  OF  ROADWAY.— The  following  data  will  show  sUndard  practice. 
minois  Hichway  Commission.^The  widths  of  roadways  are  specified  for  State  Aid  Routes, 
PrincipaUv  Traveled  Roads,  and  Secondary  Roads. 
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On  DesipuUtd  Slate  Aid  Routts.Srideea  up  to  and  including  lo.ft .  span,  20  to  30  ft.  roadway; 
bridges  over  10  (t.  up  to  and  including  60  ft.  span,  18  to  34  ft.  roadway;  bridges  over  60  ft.  span, 
16  to  30  ft.  roadway. 

Oh  Principally  TrmtUd  Roads. — Bridges  and  culverts  10  ft.  or  less  tn  span,  20  to  30  ft.  road- 
way; bridges  over  toft,  and  up  to  and  including  60  ft.  span,  16  to  20  ft.  roadway-  bridgesoverto 
ft.  span,  16  to  IS  ft.  roadway. 

On  Secondary  Roads. — Bridges  and  culverts  10  ft.  or  less  in  span,  18  to  24  ft.  roadway;  bridges 
over  10  ft.  span,  16  ft.  roadway. 

CvlverU  Under  FiUs. — The  barrel  of  the  culvert  shall  have  a  .ength  that  will  permit  of  side 
slopes  of  li  horizontal  to  I  vertical,  and  a  top  width  of  20  to  30  ft.  on  State  Aid  Routes,  20  to 
30  ft.  on  Principally  Traveled  Roads,  and  i3  to  24  ft.  on  Secondary  Roads. 

Iowa  BifJiWAj  Commissioii. — The  widths  of  roadway  for  highway  bridges  as  recommended 
by  the  commission  are  as  follows: 

Concrete  Bridges. — For  box  or  arch  culverts  with  spans  of  2  ft.  to  16  ft.,  24  fi.  roadway  for 
county  roads,  and  20  ft.  for  township  roads;  for  slab  bridges  with  spans  over  16  ft.  span,  20  ft. 
roadway  for  county  roads,  and  18  ft.  for  township  roads;  for  girder  bridges  over  16  ft,  span,  20  ft. 
roadway;  for  arches  over  16  ft.  span,  24  ft,  roadway  for  county  roads,  and  30  ft.  for  township  roads. 
The  slo'pcs  on  tills  shall  be  il  horizontal  to  I  vertical. 

Sleel  Bridges. — A  roadway  of  20  ft.  on  county  roads,  for  all  spans,  and  18  ft.  on  township  roads 
for  all  spans.     The  minimum  legal  width  of  roadway  is  16  ft. 

Assodatioii  of  State  Highway  Depaitmenta. — The  following  minimum  widths  of  concrete 
bridges  are  recommended. 

For  First  Class  Roads. — Culverts  under  12  ft.  span,  24  ft.  roadway;  ^b  bridges  over  12  Ct. 
span,  20  ft.  roadway;  all  other  spans  20  ft.  roadway. 

For  Second  Class  Roads.- — Culverts  under  12  ft.  span,  20  ft.  roadway;  slab  bridges  over  12  ft. 
span,  18  ft.  roadway;  all  other  spans,  18  ft,  roadway. 

For  Third  Class  Roads. — Culverts  under  12  ft.  span,  20  ft.  roadway;  slab  bridges  over  13  ft. 
span,  18  ft.  roadway;   longer  bridges,  16  ft.  roadway. 

The  above  widths  of  concrete  bridges  have  been  adopted  by  the  Wiaconun  Highway  Com* 

LOADS.— ^The  loads  carried  by  a  bridge  consist  of  (l)  fixed  or  dead  loads,  (2)  the  moving  or 
live  load,  and  (3)  miscellaneous  loads. 

The  dead  load  consists  of  the  weight  of  the  structure  and  is  always  carried  by  the  bridge;  the 
live  load  consists  of  the  moving  load  which  the  bridge  is  built  to  carry,  while  the  miBcellaneous 
loads  include  wind  loads,  snow  loads,  etc.  Data  on  dead  loads  are  given  in  the  "  Specifications  for 
Steel  Highway  Bridges"  in  Appendix  I. 

WEIGHTS  OF  BRIDGES.— The  weight  of  a  bridge  is  composed  of  (i)  the  weight  of  the  steel 
in  the  steel  framework,  consisting  of  the  vertical  trusses,  the  upper  and  lower  lateral  systems,  the 
Hoorbeams,  the  portals  and  sway  bracing:  (2)  the  weight  of  the  joists  and  the  fencx;  and  (3)  the 
weight  of  the  floor  covering, 

WEIGHTS  OF  STEEL  HIGHWAY  BRIDGES.— The  following  data  may  be  used  in  calcu- 
lating the  dead  loads  in  the  design  of  highway  bridges  or  as  a  basis  for  preliminary  estimates. 

AMERICAN  BRIDGE  COHPAHY.— Standud  Ste«l  Hl^way  Bridges  with  Timber  Vloor. 
Timber  floor,  3-in.  plank  on  roadway  and  2-in.  plank  on  footwalks.  Live  loads  for  floor  and  its 
supports,  100  lb,  per  sq.  ft.  of  floor  surface,  or  6  tons  on  two  axles  10  ft.  centers  and  5  ft.  ^ge,  or  a 
15-ton  road  roller.  For  trusses  100  lb.  per  sq.  ft.  of  roadway  up  to  a  span  of  75  ft.,  75  lb.  per  sq.  ft. 
of  roadway  for  spans  of  168  ft.  and  over,  and  proportional  for  intermediate  spans.  No  allonraDce 
is  made  for  impact.  Designed  for  allowable  stresses  given  in  specifications  in  Appendix  1.  l>et 
W  =  weight  of  the  structural  steel  per  lineal  foot  of  span;  L  =  length  of  span  in  feet,  b  —  width 
of  roadway  in  feet  (without  udewalks). 

aqitizecibyGoQl^lc 


WEIGHT  OF  STEEL  HIGHWAY   BRIDGES.  115 

I.  St««l  niroDtlk  Plate  Gird«n. — ^Through  (date  girder  spana  36  (t.  to  70  ft.,  roadway  30  ft. 
wide,  without  sidewalks,  but  iaduding  itringeiB.    The  weight  ol  structural  steel  per  lineal  foot 

W  -  300  +  3.6L.  (0 

For  sidewalks  with  steel  joists  add  about  i3  lb.  per  eq.  ft.  of  sidewalks. 

1.  Sted  Low  Riveted  Truss  Spans,  with  Timber  Floor. — For  low  truss  spans  36  ft.  to  101  ft., 
with  timber  floors,  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight 
of  the  stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  i6-ft.  roadway 

If  -  100  +  a.oL.  (a) 

and  for  a  30-lt.  roadway 

H'  -  150  +  1.7L.  <3) 

3.  StMl  LoF  KiTeted  TniM  Span*,  with  Reinforced  Concrete  Floors. — For  low  truss  spans 
36  ft.  to  I03  ft,,  with  reinforced  concrete  floors,  5  in.  thick  with  6  in.  of  gravel  at  center  and  3  in. 
of  gravel  at  curb,  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight  of 
the  stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  16-ft.  roadway 

H'-iSO  +  a-Si-  (4) 

and  for  a  30-ft.  roadway 

W-185+35L.  (5) 

4.  Steel  Hlgb  Truss  Spans,  with  Timber  Floor. — For  high  truss  spans  104  to  204  ft.,  with 
timber  floors,  the  weight  of  structural  steel  per  lineal  loot  of  span,  not  including  the  weight  of  the 
etringers  and  the  railing,  is  given  approximately  by  the  fwrnula  for  a  16-ft.  roadway 

W-2y,  +  i.si.  .  (6) 

and  for  a  20-tt.  roadway 

W-3B5  +  i.aL.  (7) 

IOWA  HIGHWAT  COHUSSION.— Steel  Highwaj  Bridges  wMi  Reinforced  Concrete 
Floor. — Reinforced  concrete  floor  slabs  6  in.  thick  for  all  spans  in  which  stringers  are  used.  Slabs 
for  stringerless  floors  7}  in.  thick  for  8-ft.  span,  8  in.  thick  for  9-ft.  span,  and  8)  in.  thick  for  lo-ft. 
span.  Live  loads  for  the  floorand  its  supports  a  unifomi  live  load  of  100  lb.  persq.  ft.,  and  a  IS-ton 
traction  engine  with  two-thirds  of  the  load  on  the  rear  axle;  axles  spaced  11  ft.  centers,  and  rear 
wheels  spaced  6  ft.  centers.  Rear  wheels  33  in.  wide.  The  trusses  are  to  be  designed  for  the 
uniform  loads  given  in  Table  II.     No  allowance  is  made  for  impact. 

Let  W  —  weight  of  structural  steel  in  lb.  per  lineal  foot  of  span;  L  —  length  of  span  in  feet; 
b  •=  width  of  span  in  feet  (without  sidewalks). 

I.  Steel  Beam  Spsns. — The  weight  of  ateel  beam  spans  from  16  ft.  to  33  ft.  and  with  16-ft., 
i8-ft,,  and  20-ft.  roadway  are  given  in  Table  I,  Chapter  XI. 

a.  Steel  Low  Truss  Spans,  with  Stringers. — For  low  truss  highway  bridges  with  spans  of 
35  ft.  to  85  ft.,  not  including  the  weight  of  the  fence  or  the  steel  stringers,  the  weight  of  structural 
vteel  per  lineal  foot  of  span  for  a  i6-ft.  roadway  is 

W-2i5+  a-35i-  (8) 

and  for  an  i8-ft.  roadway  is 

H"  -  340  4-  3.40t.  fe) 

3.  8t«el  Low  Truss  Spans,  wifliout  Stringers. — For  low  truss  highway  bridges  with  spans  of 
35  ft-  to  too  ft.,  not  including  the  weight  of  the  fence,  the  weight  of  the  structural  ateel  per  lineal 
foot  of  span  for  a  ib-ft.  roadway  is 

W  =  2oo  +  4L.  (10) 

and  for  an  i8-ft.  roadway  is 

If  -  335 -F  4.35L.  (II) 
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4.  Steel  High  Truss  Spans,  with  Stringers. — For  high  through  truss  highway  bridges  with 
spans  of  from  90  ft.  to  150  ft.,  not  including  the  weight  of  fence  or  the  steel  stringcra,  the  wd^t  of 
structural  steel  per  lineal  foot  of  span  for  a  i6-ft.  roadway  is 

W  =  245+  2.45t.  (w) 

and  tor  an  i8-tt.  roadway  is 

W-370  +  3.7L.  (13) 

Wisconsin  highway  COHHISSION.  Steel  highway  bridges  with  reinforced  eat- 
Crete  floor. — Reinforced  concrete  floor  slabs  6  in.  thick  for  all  spans.  Live  loads  for  the  floor  and 
its  supports  a  15-ton  road  roller  with  two-thirds  of  the  toad  on  the  rear  axle,  axles  10  ft.  centos, 
rear  rolls  4  ft.  10  in.  centers,  rear  rolls  30  in.  wide.  The  trusses  designed  for  the  loads  given  is 
Table  II.  No  allowance  is  made  for  impact.  Let  W  "  weight  of  structural  sleel  in  lb.  per  lineal 
foot  of  span,  L  =  length  o[  span  in  feet;   6  =  width  of  roadway  in  feet  (without  sidewalks). 

I.  Steel  Beam  Spans. — Weight  of  steel  beam  spans  from  10  ft.  to  58  (t.  and  for  i6-ft.,  i8^t 
and  3o-ft.  roadway  are  given  in  Table  il.  Chapter  XI. 

3.  Steel  Through  Plate  Girders.— The  weight  of  the  structural  steel  in  through  [^te  girdu 
highway  bridges  from  35  ft.  span  to  80  ft.  span  including  floorbeams  spaced  3  to  2|  ft.  apart,  is 
given  approximately  by  the  following  formula.     For  a  i6-ft.  roadway 

W--  300  +  iL.  (14) 

For  an  18-ft.  roadway 

W  =  300  +  3.25i-  (15) 

and  for  a  20-ft.  roadway 

W  =  320  +  4i-  '  (16) 

3.  Steel  Low  Truss  Spans,  with  Stringers.^Tlie  weight  of  the  structural  steel  in  low  truss 
steel  highway  bridges  with  spans  of  35  ft.  to  85  ft.  span,  not  including  the  weight  of  the  fence  or 
the  steel  stringers,  is  giv^  approximately  by  the  formula.     For  a  i6-ft.  roadway 

IF  =  80  +  3-5i-  ("7) 

and  for  an  i8-rt.  roadway 

IV  -  80  +  4Z-  (18) 

4.  Steel  High  Truss  Spans,  witti  Stringers. — For  high  through  truss  steel  highway  bridges 

with  spans  of  from  90  ft.  to  150  ft.,  not  including  the  weight  of  the  fence  or  the  steel  stringers 
the  weight  of  structural  steel  per  lineal  foot  of  span  is  given  approximately  by  the  formula. 
For  a  i6-ft.  roadway 

IT  =  180  +  2L.  (i9i 

and  for  an  18-ft.  roadway 

W  -  240  +  2L.  (W) 

nxiNOIS  HIGHWAT  COMMISSION.  Steel  hi^way  bridges  with  reinforced  conoete 
floor. — Reinforced  concrete  floor  slabs  4  in.  thick  with  a  wearing  surface  assumed  to  weigh  not 
less  than  go  lb.  per  sq.  ft.  Live  load  for  floor  and  its  supports  a  15-ton  traction  engine,  supported 
on  two  axles  spaced  10  ft,  apart,  with  two  thirds  of  the  load  on  the  rear  axle;  or  a  uniform  li\-e  kod 
of  125  lb.  per  sq,  ft.  The  trusses  designed  for  the  loads  given  in  Table  II.  No  allowance  is  nadc 
for  impact. 

Let  W  =  weight  of  steel  in  lb.  per  lineal  foot  of  span,  L  =*  span  of  bridge  in  feet,  6  =  width 
of  roadway  in  feet  (without  sidewalks). 

I.  Steel  Low  Truss  Spans,  with  Stringers. — The  weight  of  the  structural  steel  in  low  trtHs 
steel  highway  bridges  with  spans  of  50  ft.  to  85  ft.,  not  including  weight  of  the  fence  or  tbc  «erl 
stringers,  is  given  approxiniately  by  the  formula.    For  a  i6-ft.  roadway,  6  —  16  ft. 

H'  =  235  +  2-35i"  '2I» 
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and  for  an  i8-ft.  roadway,  6  =  i8  ft. 

W  =  240  +  2.4L.  i33) 

a.  Stt«l  ffigll  Truss  Spans,  wlfll  Stringers. — The  weight  of  structural  steel  in  high  trues  steel 
highway  bridges  with  spans  of  90  ft.  to  160  ft.,  not  including  the  weight  of  fence  or  the  steel  string' 
ers,  is  given  approximately  by  the  formula.     For  a  i6-ft.  span,  6  =  16  ft. 

IT  =  140  +  4i.  (23) 

and  for  an  i8-ft.  span,  b  =  iS  ft. 

IP  -  180  +  4-5i.  O4) 

The  weights  given  by  formulas  (31)  to  (14)  are  for  bridges  with  concrete  Roors  weighing 
100  lb.  per  sq.  ft.  Calculations  by  Mr.  Clifford  Older,  Bridge  Engineer,  Illinois  Highway  Com- 
mission, show  that  a  variation  of  the  weight  of  the  floor  of  10  lb.  persq.  ft.  malcesa  simitar  variation 
in  the  weight  of  the  structural  steel,  including  the  joists,  of  4.35  per  cent  for  a  50-ft.  spaii,  of  3.75 
per  cent  for  a  iSo-ft.  span,  and  proportional  for  intermediate  spans.  For  the  structural  steel,  not 
including  the  joists,  an  a\'craee  value  of  4  per  cent  may  be  used  for  each  decrease  of  10  lb.  per  sq. 
ft.  of  floor  surface. 

BOSTON  BRIDGE  WORKS  STANDARDS.*— The  weights  of  steel  highway  bridges 
designed  by  the  Boston  Bridge  Works  are  as  follows: 

Through  truss  highway  bridges  without  sidewalks  designed  for  a  live  load  of  80  lb.  per  sq.  ft. 
for  the  trusses,  loo  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor.  The  weight,  10,  of  steel  in  lb. 
per  sq.  ft.  of  area  covered  by  the  floor,  not  including  joists  or  fence,  for  a  span  of  L  ft.,  is 

w  -  5  +  i/9.5  (35) 

Tlie  weight  of  through  truss  highway  bridges  with  two  sidewalks  is 

"w  =  2.8  +  Z./11.3  (36) 

The  sidewalks  were  5  or  6  ft.  wide,  and  the  clear  roadways  were  16  to  20  ft.  The  total  area 
covered  by  the  roadway  and  sidewalk  floors  is  to  be  used  in  calculating  the  weight  of  steel. 

Weights  o(  Steel  Highway  Plate  Girder  Bridges.— The  weights  of  highway  plate  girder 
bridges  as  designed  by  the  Boston  Bridge  Works  for  the  live  toads  shown  are  as  follows. 

Deck  plate  girder  highway  bridges  without  sidewalks  designed  for  a  live  load  of  100  lb.  per 
sq.  ft.  for  girders,  100  lb.  per  sq.  ft.  and  a  6-ton  wagon  tor  the  floor.  The  weight,  to,  of  steel  in 
lb.  per  sq.  ft.  of  area  covered  by  the  floor,  not  including  joists  or  fence,  for  a  span  of  L  ft.,  is 

w  -  2.5  +  i/34  (27) 

The  weight  of  deck  plate  girder  highway  bridges  with  sidewalks  is 

IB  -  2.5  -f  i/4.4  (28) 

The  weight  of  through  plate  girder  highway  bridges  without  sidewalks  is . 

IT  -  3  +  L/4.25  {29) 

The  weight  of  through  plate  girder  highway  bridges  with  sidewalks  is 

.  u.  -  3-3  +  i/5-6  (30) 

Weight  of  Qectric  Railwar  Bridges.— The  Boston  Bridge  Works  gives  the  following  formulas 
for  the  weight  of  electric  railway  bridges,  where  W  =  total  weight  of  steel  in  lb.  per  lineal  foot  of 
bridge  and  L  is  the  span  of  the  bridge  in  feet. 
Beam  bridges 

W-sa  +  sL  (31) 

*  Published  by  pennission  of  John  C.  Moeea,  Chief  En^neer. 
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Ught  truss  bridges 

w~2oo+  o.ai,  (31) 

Heavy  truss  bridges 

W-250  +  i.$L  (33) 

The  beam  bridges  were  deagned  for  30-ton  can;  the  light  truss  bridges  were  designed  for 
15-ton  cars  or  1,500  lb.  per  lineal  foot  of  bridge,  and.the  heavy  truss  bridges  were  designed  for 
30-ton  cars,  or  2,000  lb.  per  lineal  foot  of  bridge. 

LIVE  LOADS. — The  live  loads  for  highway  bridges  are  usually  assumed  to  consist  of  a  uni- 
form live  load  for  the  trusses  and  a  uniform  live  load  or  a  concentrated  moving  load  for  the  floor 
and  its  supports.  A  lew  highway  bridge  specifications  require  that  trusses  be  designed  for  a  con- 
centrated moving  load  as  well  as  for  a  uniform  live  load,  and  also  that  the  floor  and  its  supports  be 
designed  for  a  concentrated  moving  load  and  that  the  portion  of  the  floor  of  the  bridge  not  covered 
by  the  concentrated  load  be  covered  with  a  uniform  live  load.  In  calculating  the  stresses  in  the 
truss  members  the  uniform  live  load  is  commonly  assumed  as  applied  in  full  joint  loads  at  joints 
on  the  loaded  chord.  Moving  loads  and  loads  suddenly  applied  produce  stresses  that  are  greater 
than  the  static  stresses  due  to  stationary  loads  or  to  loads  gradually  applied.  This  increase  in 
stress  due  to  moving  loads  or  due  to  loads  suddenly  applied  is  called  impact  stress. 

IMPACT. — The  effect  of  impact  or  increase  in  live  load  stresses  over  the  stresses  due  to  the 
same  loads  gradually  applied,  is  very  much  less  for  highway  bridges  than  for  railway  bridges. 
Experiments  made  by  Professor  F.  O.  Dufour  and  recorded  In  Journal  of  Western  Society  of  Engi- 
neers, June,  1913,  show  that  the  effect  of  impact  on  steel  truss  highway  bridges  with  concrete  floors 
is  very  small.  The  effect  of  impact  on  steel  truss  bridges  with  plank  floors  is  considerably  larger 
than  (or  bridges  with  concrete  floors.  The  maximum  impact  percentages  do  not  occur  with  maxi- 
mum static  stresses.  Experiments  made  at  the  University  of  Colorado  under  the  author's  direction 
show  that  the  effect  of  impact  on  highway  bridges  is  very  much  less  than  for  railway  bridges. 

The  specifications  of  the  highway  commissions  of  Illinois,  Iowa,  Michigan,  Nebraska  and 
WiscouMn  do  not  add  impact  for  highway  bridges. 

The  allowance  for  impact  by  the  Massachusetts  Railway  Commission  is  as  follows:  For 
stringers,  floorbeams  and  hangers,  when  loaded  with  a  20-ton  auto  truck,  50  per  cent:  for  all  other 
loads,  floorbeams  and  stringers,  25  per  cent;  floorbeam  hangers,  40  percent;  counters,  40  percent; 
for  all  other  members  in  trusses,  and  for  main  girders  the  percentage  shall  be  36]  minus  ooe- 
twelEth  the  loaded  length  In  feet,  with  a  maximum  of  25  and  a  minimum  of  10  per  cent. 

Mr.  J.  A.  L.  Waddell  in  "Bridge  Engineering"  specifies  that  highway  bridges  shall  be  designed 
for  the  impact  allowance,  /  —  loo/(nL  +  3oo),  where  L  is  the  loaded  length  of  the  bridge  in  feet 
that  produces  maximum  stress  and  b  is  total  clear  width  In  feet  of  roadway  and  footwalks  divided 
by  twenty.  The  above  impact  allowance  is  made  for  motor-truck  loadings  but  not  ftw  road-roUcr 
loadings. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  specifies  impact  as  follows:  Impact  shall  be  added  to  the  maximum  computed  stresses 
produced  by  the  specified  motor-truck  and  electric-car  loads  only.  For  motor-truck  loads,  the 
impact  shall  be  taken  as  30  per  cent  of  the  statically  computed  stresses  produced  thereby.  ¥ot 
electric  car  loads,  the  impact  shall  be  determined  by  the  formula 

/-5-i5o/(L  +  30o), 
in  which  /  —  impact  stress;    S  =  statically  computed  maximui 
due  to  electric-car  loads;   L  —  length  of  load  in  feet  producing  n 

The  specifications  of  the  West  Virginia  Highway  Commission  and  the  Oregon  Highway  Com- 
mission specify  the  impact  factor,  /  =  ioo/(L  +  300),  where  L  is  the  loaded  length  of  the  bridge 
in  feet  that  produces  maximum  stress  in  the  member. 

The  Montana  Highway  Commission  specifies  35  per  cent  impact. 
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The  U.  5.  Bureau  of  Public  Roads  apecifiee  30  per  cent  impact. 

The  Deportment  ol  Public  Roads  of  Kentucky  requires  no  impact  allowance  for  bridges  with 
concrete  floors,  and  25  per  cent  for  bridges  with  wooden  floors. 

The  Utah  Highway  Commisaion  specifies  25  per  cent  impact  for  floors,  and  15  per  cent  for 

For  concrete  highway  bridges  the  impact  allowance  varies  from  no  impact  allowance,  as 
apedfied  by  the  highway  commissions  of  Illinois,  Iowa,  Michigan,  Nebraska  and  Wisconsin;  an 
allowaDce  of  15  per  cent  of  the  live  load,  as  specilied  by  the  highway  commission  of  West  Virginia, 
to  an  allowance  of  30  per  cent  of  the  live  load,  as  specified  by  the  U.  S.  Bureau  of  Public  Roads. 
Watson's  "General  Specitkatlons  for  Concrete  Bridges,"  third  edition,  1916,  uses  an  impact  al- 
lowance of  /  -  tSO/(L  +  300),  where  L  is  the  loaded  length  of  the  bridge  in  feet  that  produces 


Ketclinm'a  Spedflcatioiu  fof  Impact. — The  author  has  adopted  the  following  impact  factors 
for  concrete  bridges  and  steel  bridges. 

(a)  For  concrete  arches  with  spandrel  filling  or  culverts  with  a  minimum  filling  of  one  foot, 
no  allowance  for  impact. 

(b)  For  concrete  slab  and  girder  bridges  and  trestles,  and  arches  without  spandrel  filling,  jo 
per  cent  for  impact. 

(c)  For  steel  bridges  the  following  allowance  for  impact.  For  the  floor  and  its  supports  in- 
cluding floor  slabs,  floor  joists,  floorbeams  and  hangers,  30  per  cent. 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  impact  increment  shall  be 
/  —  ioo/(L  +  300),  where  L  —  length  of  span  for  simple  highway  spans  (for  trestle  bents,  towers, 
movable  bridges,  arch  and  cantilever  bridges,  and  for  bridges  carrying  electric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

COHCBHTRATSD  LIVE  LOADS.— Traction  engines  weighing  20  tons  are  quite  common  in 
the  west  and  northwest.  The  heaviest  motor  truck  in  common  use  has  a  capacity  of  7}  tons  and 
a  total  wei^t  of  13  tons,  with  neariy  10  tons  on  the  rear  axle.  With  an  overload  of  $0  per  cent, 
which  is  not  unusual,  this  truck  would  carry  14  tons  on  the  rear  axle.  The  maximum  road  roller 
weighs  30  tons. 

The  highway  commissions  of  the  different  states  have  adopted  concentrated  live  loads  as  fol- 
lows: Illinois  specifies  a  15-ton  traction  engine;  Iowa  specifies  a  15-ton  traction  engine  for  bridges 
with  reinforced  concrete  floors;  Wisconsin  specifics  a  15-toa  road  roller;  Michigan  specifies  an 
l8-ton  road  roller;  Nebraska  specifies  a  3D-ton  traction  engine;  Minnesota  specifies  a  30-ton 
traction  engine;    New  York   specifies  a    15-ton  road  roller;  all   loadings  to  be   used   without 

Utah  specifies  an  18-ton  road  roller  with  35  per  cent  impact;  Oregon  specifies  a  i5-tDn  road 
roller  for  medium  tralEc  and  a  soton  road  roller  for  heavy  traffic;  Montana  specifies  a  3o-ton 
traction  engine  with  35  per  cent  impact;  the  Massachusetts  Railway  Com misfflon  specifies  a  20- 
ton  motor  truck  with  an  allowance  of  50  per  cent  for  impact  on  the  floor  and  its  supports;  Mr. 
J.  A-  L.  Waddell  in  "Bridge  Engineering"  specifies  for  ckiss  A  bridges  an  18-ton  motor  truck 
with  impact  allowance  as  given  above. 

The  Ohio  State  Highway  Commission  specifies  a  30-tOD  concentrated  load  on  two  axles 
spaced  10  ft.,  wheels  with  gage  of  6  ft.  with  two-thirds  on  rear  axle  on  roads  in  industrial  communi- 
ties, and  15  tons  with  same  spacing  and  distribution  on  country  highways.  Impact  for  bridges 
with  concrete  floors  is  one-half  that  given  for  steel  bridges  in  Appendix  I. 

The  U.  S.  Bureau  of  Public  Roads  specifies  a  15-ton  truck  for  all  types  of  highway  bridges 
except  timber  bridges  for  which  a  lo-ton  truck  is  specified.  Each  truck  has  asles  10  ft.  centers, 
and  wheels  6  ft.  centers,  with  two-thirds  of  the  total  load  carried  on  the  rear  axle.  All  loads 
with  30  per  cent  impact. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  specifies  motor-truck  loadings  as  follows:  For  city  bridges  a  25-ton  motor-truck  with 
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axles  spaced  iz  ft.  and  wheels  with  an  8-ft.  gage.  Two-thirds  of  load  on  rear  axle.  Rear  wheds 
34  in,  wide.  For  bridges  in  towns  and  country  highways  a  15-ton  motor-truck  with  axles  spaced 
10  ft.  and  wheels  with  an  8-ft.  gage.  Two-thirds  of  load  on  rear  axle.  Rear  wheels  18  in.  wide. 
For  bridges  in  remote  mountainous  highways  an  8-ton  motor  truck  with  axles  spaced  8  ft.  and 
wheels  with  an  8-ft.  gage.     One-half  of  load  on  rear  axle.     Rear  wheels  6  in.  wide. 

For  additional  data  see  article  entitled  "Concentrated  Live  Loads  for  Highway  Bridges," 
by  Milo  S.  Ketchum,  printed  in  University  of  Colorado  Journal  of  Engineering,  October, 

Ketchum'a  Spedflcationa  for  Concentrated  Moving  Loads. — The  author  lias  adopted  the 
following  specilications  for  concentrated  moving  loads. 

(a)  That  highway  bridges  on  main  roads  or  near  towns  or  cities  shall  be  designed  to 
carry  a  ao-ton  motor  truck  with  axles  spaced  u  ft.  and  wheels  6-ft.  centers  on  axle,  with  14  tons 
on  rear  axle  and  6  tons  on  front  axle.  The  truck  to  occupy  a  space  10  ft.  wide  and  32  ft.  long. 
The  rear  wheels  to  have  a  width  in  inches  equal  to  the  total  load  in  tons  (ao  in.  for  a  20-tMi 
truck). 

Cb)  That  bridges  not  on  main  roads  shall  be  designed  for  a  15-ton  motor  truck  with  axks 
spaced  10  ft.  and  wheels  5-ft,  centers  on  axle,  and  occupying  a  space  10  ft.  wide  and  30  ft.  long,  with 
10  tons  on  rear  axle  and  5  tons  on  front  axle,  and  with  rear  wheels  15  in.  wide. 

(c)  To  provide  for  impact  and  vibration  and  u 
is  to  be  added  to  the  maximum  live  load  stresses.     Only  01 

Motor  trucks  have  narrower  tires  and  are  driven  at  greater  speeds  than  traction  engines,  and 
therefore  not  only  produce  greater  static  stresses  in  the  floor,  but  should  have  a  greater  impact 
allowance.  In  view  of  the  above,  it  would  not  appear  to  be  necessary  to  consider  any  road  rollers 
or  traction  engines  now  in  use  in  addition  to  the  above  motor-truck  loadings. 

DISTRIBUTION  OF  COnCBHTRATED  LOADS.— In  designing  floor  slabs,  floor  stringen 
and  floorbeams  it  is  necessary  to  know  the  distribution  of  the  concentrated  loa<ls. 

Concrete  Floor  Slabs. — Tests  of  the  distribution  of  concentrated  loads  on  concrete  floor  slabs 
have  been  made  by  the  Ohio  Highway  Commission,  the  results  of  which  are  given  in  Bulletin  No. 
3S,  published  by  the  Commission;  by  Mr,  W.  A.  Slater  at  the  University  of  Illinois  and  described 
in  Proceedings  of  American  Society  for  Testing  Materials,  Vol.  Xlll,  1913,  and  by  A.  T.  Goldbeck 
and  E.  B.  Smith,  described  in  Journal  of  Agricultural  Research,  Vol.  VI,  No.  6,  Department  of 
Agriculture,  Washington,  D.  C„  May  8,  1916. 

Ohio  Tests. — The  following  conclusions  drawn  from  the  Ohio  tests  are  of  interest: 

"  The  percentage  of  reinforcement  has  little  or  no  effect  upon  the  distribution  to  the  joists,  so 
long  as  safe  loads  on  the  slabs  arc  not  exceeded. 

"  The  outside  joists  should  be  designed  for  the  same  total  live  load  as  the  intermediate  joists. 

"The  axle  load  of  a  truck  may  be  considered  as  distributed  over  la  ft.  in  width  of  roadway, 

"The  safe  value  for  'effective  width'  of  a  slab,  where  the  total  width  of  slab  is  greater  than 
1-33  L  +  4  ft.  is  given  by  the  formub,  e  =  0.6L  +  1. 7  ft.,  where  e  -  effective  width  (width  over 
which  a  single  concentrated  load  may  be  considered  as  uniformly  distributed  on  a  line  down  the 
middle  of  the  slab  parallel  to  the  supports)  and  L  ^  span  in  feet," 

Slater  Tests. — It  was  recommended  that  where  the  total  width  of  slab  is  greater  than  twice 
the  span,  the  effective  width  be  taken  as  e  =  4^/3  -f-  d,  where  x  is  the  distance  from  the  concen- 
trated load  to  the  nearest  support,  and  d  is  the  width  at  right  angles  to  the  support  over  which  the 
load  is  applied.  While  the  depth  of  stab  and  the  amount  of  longitudinal  reinforcement  had  little 
effect  on  the  distribution,  it  was  recommended  that  the  latter  be  limited  to  i  per  cent. 

Goldbeck  and  Smith  Tests.— Ttati  were  made  on  three  slabs,  each  slab  being  31  (t.  wide,  16  ft- 
span,  and  with  effective  depths  of  10.5  in.,  8.5  in.  and  6  in.,  respectively.  All  slabs  were  rnadc  of 
i-a-4  Portland  cement  concrete,  and  were  reinforced  with  0.75  per  cent  of  mild  steel. 
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The  following  conclusiona  were  drawn  from  these  testa; 

(l)  The  elTective  width  decreases  as  the  efFective  depth  increases;  the  effective  width  for  safe 
loads  being  75.7  per  cent;  81.1  per  cent,  and  109,3  per  cent  of  the  span,  for  the  slabs  having 
effective  depths  of  10.5  in.,  8.5  in.  and  6  in.,  respectively. 

(3)  For  slabs  in  which  the  ratio  of  the  width  of  the  slab  is  not  leas  than  tirice  the  span  length, 
the  effective  width  may  be  taken  as 

e  -  o.7i,  (34) 

where  «  is  the  effective  width  and  L  is  the  span  length. 

(Additional  tests  by  Goldbeck,  Proceedings  American  Concrete  Institute,  1917,  show  that 
formula  (34)  may  be  used  when  the  width  of  the  slab  is  not  less  than  the  span.) 

Watson's  "General  Specifications  for  Concrete  Bridges,"  third  edition,  1916,  specifies  that 
concentrated  loads  on  reinforced  concrete  slabs  may  be  assumed  as  distributed  over  a  distance  of 
4  ft.  at  right  angles  to  the  supports,  and  a  distance  parallel  to  the  supports  equal  to  3  ft.  plus 
three-tenths  of  the  span  of  the  slab. 

The  State  Highway  Department  of  Ohio  uses  the  following  distribution  of  concentrated  loads 
on  floor  slabs. 

For  spans  less  than  6  ft.  the  percentage,  p,  of  the  wheel  load  carried  by  one  foot  in  width  of 
slab  for  a  span  in  feet,  /,  is  given  by  the  formula 

•     /.  -42  -4i  (35) 

while  for  spans  greater  than  6  ft.  the  percentage,  P',  of  the  wheel  load  carried  by  one  foot  in  width 
of  slab  for  a  span  in  feet,  I,  is  given  by  the  formula 

f  •  .  »  -  o  ,4J  (36) 

For  a  span  of  5}  ft.,  from  formula  (35),  p  ^  30  per  cent,  and  the  concentrated  load  is  assumed 
as  carried  by  a  ^b  5  ft.  wide,  applied  on  a  line  parallel  to  the  supports. 

For  a  span  of  loft.,  from  formula  (36),  ^'  =  I6pcrcent,and  theconcentratedload  isassumed 
as  carried  by  a  slab  6.67  ft.  wide,  applied  on  a  line  parallel  to  the  supports. 

The  U.  S.  Bureau  of  Public  Roads  specifies  that  wheel  loads  be  distributed  on  concrete  slabs 
as  follows:  with  a  fill  of  ballast  or  paving  of  8  in.  or  less,  9  Co  17  in.,  inclusive,  and  18  in.  or  more, 
an  area  of  distribution  of  4  ft.  square,  5  ft.  square,  and  6  ft.  square,  respectively. 

Plank  Floor  on  Steel  Stringers. — A  series  of  experiments  to  determine  the  distribution  of  con- 
centrated loads  on  a  timber  floor  supportt'd  on  steel  stringers  has  been  made  at  Iowa  State  College 
of  Agriculture  and  Mechanic  Arts  by  T.  R.  Agg  and  C.  S.  Nichols,  and  published  in  Engineering 
Experiment  Station  Bulletin  53.  The  floor  consisted  of  a  3-in.  plank  Hoot  supported  on  6-in. 
I-beams  spaced  it  in.  centers  and  also  spaced  19  in.  centers;  and  a  3-in.  plank  floor  supported 
on  7-in.  I-beams  spaced  24  in.  centers  and  also  spaced  27  in.  centers.  The  concentrated  loads 
were  applied  through  wheels  6'  8"  in  diameter  and  34  in.  wide.  The  wheels  were  spaced  6  ft. 
center?.     A  summary  of  the  tests  shows: 

(1)  For  stringers  spaced  13  in.  centers  the  maximum  load  carried  by  a  single  stringer  was  35 
per  cent  of  a  wheel  load. 

(z)  For  stringers  spaced  from  34  in.  to  27  in.  centers  the  maximum  load  carried  by  one 
stringer  was  55  per  cent  of  a  wheel  load.  A  top  floor  of  2-in.  plank  laid  longitudinally  reduced 
the  concentration  under  a  wheel  slightly. 

(3)  The  concentration  on  stringers  immediately  under  the  wheels  was  slightly  increased 
when  the  ends  of  the  floor  planks  were  not  bolted  down. 

(4)  The  concentration  on  the  outer  stringer  increases  rapidly  as  the  load  approaches  the  side, 
and  the  outer  stringer  should  have  the  same  section  modulus  as  the  intermediate  stringers. 

These  tests  check  the  rule  that  the  percentage  of  a  concentrated  load  carried  by  one  stringer 
is  equal  to  the  stringer  spacing  in  feet  divided  by  four  feet. 

Floor  Stiiogera  and  Ploorbeuns. — The  Illinois  Highway  Commis^on  specilies  that  lonf^- 
tudinal  stringers  be  spaced  not  more  than  3)-ft.  centers,  and  that  each  stringer  be  designed  for  20 
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per  cent  of  the  rear  axle  load  concentrated  at  the  center  of  tbe  apan  when  a  concrete  sub-floor  is 
uacd,  and  25  per  cent  of  the  rear  axle  load  when  a  plank  floor  is  lued.  Transverse  stringera  or 
floorbeanis,  spaced  not  more  than  3)-ft.  centers,  shall  be  designed  to  carry  40  per  cent  of  the  rear 
axle  load  diatributed  over  the  middle  10  ft.  of  the  stringer.  Floorbeams  shall  be  designed  for 
maximum  stresses  due  to  concentrated  load. 

The  Iowa  Highway  Commission  specifiesthat  one-third  of  a  wheel  load  be  assumed  as  carried 
by  one  joist,  when  a  concrete  floor  slab  is  used,  and  that  one-half  of  a  wheel  load  be  assumed  as 
carried  by  one  joist,  when  a  plank  floor  b  used. 

The  Massachusetts  Railway  Commission  specifies  that  the  wheel  load  on  pUutk  ^oors  be  dis- 
tributed over  a  width  in  feet  equal  to  the  thickness  of  the  floor  in  inches,  with  a  maximum  distri- 
bution of  6  (t.    With  solid  floors  each  wheel  load  is  assumed  as  distributed  over  a  width  of  6  ft. 

Watson's  "General  Specifications  for  Concrete  Bridges,"  third  edition,  1916,  specifies  that 
the  part  of  the  concentrated  load  carried  by  one  stringer  ^all  be  found  by  dividing  the  stringer 
spacing  by  the  gage  distance  of  the  concentrated  load.  With  a  gage  distance  of  6  ft.  this  gives 
one-third  the  total  load  for  a  stringer  spacing  of  3  ft.;  one-half  the  total  load  for  a  stringer  spacing 
of  3  ft. ;   the  total  load  for  a  stringer  spacing  of  6  ft. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  apeciiieB  that  roadway  stringers  or  joists  shall  be  designed  to  carry  proportions  of  the 
motor  truck  loads  aa  given  by  the  formula  C  —  P-djg,  where  C  =  proportion  of  front  or  rear 
wheel-load  supported  by  one  stringer;  P  —  concentiatiort  on  one  wheel,  front  or  rear;  d  —  dis- 
tance center  to  center  of  stringers;  g  =  gage,  center  to  center  of  wheels. 

The  U.  S.  Bureau  of  Public  Roads  specifieB  that  loads  be  distributed  on  stringers  and  floor- 
beams  as  follows:  For  bridges  with  a  timber  floor  and  longitudinal  stringers,  stringers  spaced  2  ft. 
centers  shall  be  assumed  as  carrying  one-half  the  wheel  load,  stringers  spaced  3  ft.  centers  shall 
be  assumed  to  carry  three-fourtha  the  wheel  load,  anil  proportional  for  other  spacings.  For 
bridges  with  concrete  floor  on  steel  or  reinforced  concrete  longitudinal  stringers,  stringers  spaced 
4  ft.  centers  ahall  be  assumed  to  carry  two-thirds  of  the  full  load,  stringers  spaced  6  ft.  centers 
shall  be  assumed  to  carry  the  full  load,  and  proportional  for  other  spacings.  Outside  stringcra 
shall  be  placed  inside  the  curb  and  shall  have  at  least  as  much  strength  as  the  interior  stringers. 
For  bridges  with  concrete  floor  carried  on  steel  floorbeams  without  atringers,  each  floorbeam  shall 
be  assumed  to  carry  the  full  load  for  spacings  of  g  ft.  to  lo  ft.  For  spacings  of  floorbeams  less 
than  5  ft.  the  fraction  of  the  load  carried  by  one  beam  shall  be  equal  to  the  spacing  of  the  Boor- 
beama  in  feet  divided  by  5  ft.  The  wheel  load  shall  be  assumed  as  uniformly  distributed  along 
the  floorbeam  for  depths  of  ballast  or  paving  of  S  in.  or  less,  9  in.  to  17  in.,  and  18  in.or  more,  a 
distance  of  t)  ft.,  10  ft.  and  11  ft.,  respectively. 

Eetchum's  Specifications  for  Distribution  of  Ctnicentnited  Loftds. — From  a  study  of  the 
various  tests  and  specifications,  the  author  has  adopted  the  following  rules  for  calculating  the 
stresses  in  slabs,  stringers  and  floorbeams: 

(o)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concrete 
slabs  with  longitudinal  girders  shall  be  calculated  by  the  formula 

c-W  +  t)  (37) 

with  a  maximum  limit  of  6  ft.  for  t,  where  t  "  effective  width  (distance  that  the  load  may  be  con- 
sidered as  uniformly  distributed  on  a  line  down  the  middle  of  the  slab  parallel  to  the  suftpcnls), 
I  "  span,  and  e  —  width  of  tire  of  wheel,  all  distances  in  feet.     See  Fig.  i. 

{b)  The  distribution  of  concentrated  wheel  loads  for  bending  momenta  in  rdnforced  concrete 
slabs  with  transverse  girders  «ball  be  calculated  by  the  formula 

e  =  2lli  +  c  (38) 

with  a  maximum  limit  of  6  ft.  for  e,  where  e  •  effective  width,  /  ■=  span,  and  c  ••  width  of  tire  oC 
wheel  as  defined  in  paragraph  (a).    See  Fig.  a. 
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(c)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  slabs  of  girder 
bridges  in  which  the  span  of  the  bridge  is  not  less  than  the  width  of  bridge  center  to  center  of 
girders,  shall  be  calculated  for  spans  of  g  ft.  or  over  by  the  formula 


I.  '.  " /'  t  I 
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with  a  maximum  limit  of  e  ■  12  ft.,  where  e  —  effective  width,  and  I  =  span  as  defined  ir 
graph  (a). 

TABLE  I. 

DisTBiBUTioN  OF  Concentrated  Loads  on*  Slabs. 

Effective  Width  of  Slab  for  Concmtraltd  Lead  DistribuUd  on  a  Line. 
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(d)  The  effective  width  for  shear  in  beams  carrying  concentrated  loads  shall  be  taken  the 
same  as  for  bending  moment  as  calculated  by  formula  (37)  or  formula  (38),  with  a  minimum 
effective  width  of  3  ft.  and  a  maximum  effective  width  of  6  ft. 

The  total  shear  tor  an  etlective  width  of  3  ft.  shall  be  considered  as  punching  (pure)  shear. 
The  total  shear  for  an  effective  width  of  4.5  ft.  and  over  shall  be  considered  as  beam  shear  (a 
measure  of  diagonal  tension),  for  effective  widths  between  3  ft.  and  4.5  ft.  the  total  shear  shall  be 
divided  proportionally  between  punching  shear  and  beam  shear.  Beam  shear  shall  be  used  in 
calculating  bond  stress  and  as  a  measure  of  diagonal  tension. 
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(e)  In  the  design  of  longitudinal  joists  or  stringers  with  ixincrcte  floors,  the  fraction  ol  the 
concentrated  load  carried  by  one  stringer  lor  spacings  6  ft.  or  less  shall  be  taken  equal  to  the  stringer 
spacing  in  feet  divided  by  6  ft.;  with  plank  Hoors  the  fraction  of  the  concentrated  load  carried  by 
one  stringer  for  spacings  4  ft.  or  less  shall  be  taken  equal  to  the  stringer  spacing  in  feet  divided 
by  4  ft.,  the  maximum  in  each  case  being  the  full  load.  Outside  stringers  shall  be  designed  for 
the  same  load  as  intermediate  stringers. 

(/)  In  the  design  of  tra.ns verse  stringers  or  floorbeams  with  concrete  floors,  the  fraction  of  the 
concentrated  load  carried  by  one  lloorbeam  for  floorbeams  spaced  6  ft.  or  less,  shall  be  taken  equal 
to  the  floorbeam  spacing  divided  by  6  ft.  For  floorbeams  spaced  6  ft.  or  over  the  entire  reactions 
are  assumed  as  carried  by  one  floorbeam.  Axle  loads  are  assumed  as  distributed  on  a  line  I3  ft. 
long. 

The  distribution  of  concentrated  loads  calculated  for  different  auto  trucks  for  formulas  (37) 
and  <38)  are  given  in  Table  1. 

DNIFORH  LIVB  LOADS  FOR  TRUSSES.— The  uniform  live  loads  for  trusses  of  steel  high- 
way bridges  as  specilied  by  the  highway  commissions  of  Illinois,  Iowa  and  Wisconsin,  the  American 
Concrete  Institute,  1916,  and  the  uniform  loads  as  specified  by  the  author  for  classes  Di  and  Di 
are  given  in  Table  II.  The  Di  and  Di  loadings  arc  to  be  taken  as  proportional  lor  intermediate 
spans,  and  are  to  be  increased  for  impact. 

It  will  be  seen  that  the  Dj  loadings  with  impact  added  are  practically  the  same  as  the  Illinois 
loadings;   while  the  Di  loadings  with  impact  added  are  practically  the  same  as  the  Iowa  and  Wis- 

TABLE  II. 
Uniform  Live  Loads  for  Highway  Bridges. 


lllLnols  H 

gh- 

Jow.HiKl.^ 

Wi.cnndn  H 

gh- 

Con 

cme  Inuituu. 

t6. 

K«cbod.-. 

. 1 

' 

1  PI 

ClM.  B. 

CIBUH, 

C1-.1H    1 

i 

i 

1 

J, 

1 

i 

1 

11 

i 

<i 

1 

4 

Up  to  JO 

12'; 

Jp  to  so 

100 

Up  to  40 

12s 

Up  to  So  US 

Up  to  80 

100 

30 

125 

30 

100 

50-100 

SO-ioo 

V 

SO 

■w 

5° 

S" 

90 

100- 1  so 

7S 

100- IIS 

100-125 

85 

IJO-lOO 

H"; 

7( 

<* 

125-150 

<K 

Dvcr  20c 

M^ 

100-150 

ISO-200 

150-100 

<'^ 

160 

ftn 

3vcr  250 

Sf 

S' 

Over  200 

Over  200 

'" 

200  and 

SO 

Oass  D,  and  Di  bridge  badings  to  be  increased  fo 

impact. 

1 

General  SpcclRcatiort  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  specifies  uniform  live  loads  for  trusses  as  follows:  • 

Class  A,  city  bridges.  100  lb.  per  sq,  ft.  for  spans  of  100  ft.  or  less;  80  lb.  per  sq.  ft.  for  spans 
of  300  ft.  and  over,  and  proportional  for  spans  between  100  ft.  and  aoo  ft.  Minimum  load  per 
lineal  foot,  l,30O  lb. 

Class  B,  town  and  country  bridges,  80  lb.  per  sq.  ft.  for  spans  of  loo  ft.  or  less,  60  lb.  per  sq. 
ft.  for  spans  of  200  ft.  and  over,  and  proportional  for  spans  between  loO  ft.  and  300  (t.  Minimum 
load  per  lineal  foot,  900  lb. 

Class  C,  remote  highway  bridges,  70  lb.  forspansof  50  ft.  or  less,  40  lb.  for  spans  of  300  ft.  and 
over,  and  proportional  for  spans  between  50  ft.  and  200  ft.   Minimum  load  per  lineal  foot,  6qo  lb. 

All  of  above  loadings  are  used  without  impact. 


aqitizecibyGoQl^lc 


LOADS  FOR  HIGHWAY  BRIDGES.  125 

UniFORH  LIVE  LOADS  FOR  n.OORS.— The  Illinois  Highway  CommiaBian  specifies  that 
stringers  and  fioorbeams  (or  spans  of  50  ft.  and  less  shall  be  designed  for  a  unirormlive  load  of  135 
lb.  per  sq.  ft.,  and  spans  over  50  ft.  in  length  for  a  uniform  live  load  of  100  lb.  per  sq.  ft.,  or  a 
15-ton  concentrated  load  for  all  spans.    No  allowance  is  made  for  impact. 

The  Iowa  Highway  Commission  spedfies  a  live  load  of  100  lb,  per  sq.  ft.  or  a  15-ton  traction 
engine  for  class  "A"  floors,  and  a  live  load  of  100  lb.  per  sq.  ft.,  or  a  lo-ton  traction  engine  for 
class  "B"  floors  (plank  floors).     No  allowance  is  made  for  impact. 

The  Wisconsin  Highway  Commisaon  specifies  that  floor  systems  and  spans  under  40  ft.  be 
designed  for  a  15-tan  road  roller.     No  allowance  is  made  for  impact. 

The  Michigan  Highway  Commission  specifics  that  the  floor  and  its  supports  be  designed  for 
an  18-ton  road  roller,  or  100  lb.  per  sq.  ft.     No  allowance  is  made  for  impact. 

The  floor  systems  for  Di  bridges  are  to  be  designed  tor  lag  lb.  per  sq.  ft.  or  a  ao-ton  auto  truck; 
while  Di  bridges  are  to  be  designed  For  loo  lb.  persq.  ft.  or  a  15-ton  autotruck.  An  impact  factor 
of  30  per  cent  is  to  be  added  both  for  the  uniform  loads  and  for  the  auto  truck. 

WIND  LOADS  FOR  HI6HWAT  BRIDGES.— The  Illinois  Highway  Commission  specifies  a 
wind  load  of  35  lb.  per  sq.  ft.  on  the  vertical  projection  of  both  trusses  and  the  floor  system,  but  in 
no  case  shall  the  wind  be  less  than  300  lb.  per  lineal  foot  on  the  loaded  chord  nor  less  than  150  lb. 
per  lineal  foot  on  the  unloaded  chord. 

The  Iowa  Highway  Commission  specifies  150  lb.  per  lineal  foot  on  the  unloaded  chord  and 
300  lb.  per  lineal  foot  on  loaded  chord,  all  loads  considered  as  moving  loads. 

The  Wisconsin  Highway  Commission  specifies  150  lb.  per  lineal  foot  on  the  unloaded  chord 
and  300  lb.  per  lineal  foot  on  the  loaded  chord;  150  lb.  of  the  latter  being  considered  a  moving 
toad. 

Cooper's  1909  specifications  require  that  highway  bridges  be  dewgned  for  a  lateral  force  of 
150  lb.  per  lineal  loot  on  the  unloaded  chord,  and  a  lateral  force  of  300  lb.  per  lineal  foot  on  the 
loaded  chord,  150  lb.  of  the  load  on  the  loaded  chord  being  treated  as  a  moving  load.  For  spans 
eicceeding  300  ft.  add  in  each  case  above  10  lb.  for  each  additional  30  ft. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  specifies  wind  loads  as  follows:  A  wind  load  of  300  lb.  per  lineal  foot  on  loaded  chord, 
and  150  lb.  per  lineal  foot  on  unloaded  chord,  both  to  be  treated  as  moving  loads.  Viaduct 
towers  are  to  be  designed  for  a  wind  force  of  50  lb.  per  sq,  ft.  on  one  and  one-half  times  the  vertical 
projection  of  the  structure,  unloaded:  or  30  lb.  per  aq.  ft.  on  same  surface,  plus  150  lb.  per  lineal 
foot,  applied  5  ft.  above  floor,  when  structure  is  loaded.  The  longitudnal  bracing  of  towers  shall 
be  proportioned  for  same  loads  as  the  transverse  bracing. 

The  author's  specifications  for  wind  loads  are  given  in  "General  Speciiications  for  Steel  Mid- 
way Bridges"  given  in  Appendix  I. 

SNOW  LOAD. — ^Snow  load  is  usually  not  considered  separately.  In  localities  where  the 
snow  is  heavy  the  snow  load  ^ould  be  taken  into  account.  Loose  and  packed  snow  may  be 
aaaumed  to  weigh  5  and  13  lb.  per  cubic  foot,  respectively. 

LIVE  LOADS  FOR  ELECTRIC  RAILWAY  BRIDGES.— The  live  loads  specified  by  Mr. 
C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  in  his  Specifications  for  Electric  Railway  Bridges  are  as 
follows: 

{  It.  UoTlng  Lo«d. — The  moving  load  shall  consist  of  one  of  the  following  classes: 

Class  A. — On  each  track  a  series  of  concentrations  consisting  of  (wo  pairs  of  trucks,  the  axles 
of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance  between  centers  of  interior  axles  is  10 
ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The  axles  are  loaded  with  a  load  of  40,000  lb., 
making  a  total  load  of  160,000  lb.  Or  a  uniform  load  of  6,000  lb.  per  lineal  foot  for  all  spans 
up  to  50  ft.,  reduced  to  4,500  lb.  per  lineal  foot  for  spans  of  200  ft.  and  over,  and  proportion- 
ately for  intermediate  spans. 

Closi  B. — On  each  track  a  series  of  concentrations  consisting  of  two  pairs  of  trucks,  the 
axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance  between  centers  of  interior  axles 
is  10  ft,,  the  pairs  of  trucks  being  spaced  15  ft.  centers.     The  axles  are  loaded  with  a  load  of  35,000 
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lb.,  making;  a  total  load  of  100,000  lb.  Or  a  unifonn  load  of  3,500  lb.  per  lineal  foot  fw  all  span* 
up  to  so  ft.,  reduced  to  3,000  lb.  per  lineal  foot  for  spans  of  300  ft.  and  over,  and  proportionately 
for  intermediate  spans. 

Class  C.—pn  each  track  a  aerieB  of  concentrations  consisting  of  two  pairs  of  trucks,  the  axks 
of  the  pairs  being  spaced  5  ft.  centeiB,  while  the  distance  between  centers  of  interior  axles  is  to  ft., 
the  pairs  of  trucks  being  spat^  15  ft.  centers.     The  axles  are  loaded  with  a  load  of  30,000  lb., 

to  50  ft.,  reduced  to  1 
intermediate  spans. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  specifies  three  electric  car  loads  as  follows: 

Class  A. — On  each  track  two  electric  cars  weighing  90,000  lb.  each;  each  car  on  two  pairs  of 
axles,  axles  of  pairs  being  spaced  5  ft.  centers,  while  the  distance  of  centers  of  pairs  is  25  ft.,  the 
pairs  of  trucks  being  spaced  20  ft.  centers.  The  distance  center  to  center  of  axles  in  adjacent 
electric  cars  is  10  ft.     Total  length  of  two  cars  is  90  ft. 

Class  B. — On  each  track  two  electric  care  weighing  80,000  lb.  each,  with  same  dimensions  as 
cars  in  Class  A. 

Class  C. — Two  cars  weighing  30,000  lb.  each,  each  car  on  two  axles  spaced  7  ft.  centers,  with 
14  ft.  centers  of  axles  in  adjacent  cars.     Total  length  of  two  cars  is  56  ft. 

LIVE  LOADS  FOR  RAILWAT  BRIDGES.— The  live  loads  on  railway  bridges  are  properly 
a  series  of  moving  concentrated  loads.  The  loads  may  be  considered  to  condit  of  a  series  of  whed 
loads  due  to  one  or  more  locorootives,  followed  by  a  uniform  train  load;  or  as  an  equivalent 
uniform  load. 

ConcentratMl  Loftds. — The  most  common  wheel  concentration  loading  is  Cooper's  Conven- 
tional System,  in  which  two  consolidation  locomotives  are  followed  by  a  uniform  train  load. 
The  spacinga  for  the  wheels  of  all  loadings  are  constant,  the  loads  on  the  wheds  being  propor- 


^  MM)  Mf!^^  A  fMybcb  ^fkA^I 


I  issi  iiii 


Fig.  3.    Cooper's  Loadings. 

tional  in  each  case.    Cooper's  loadings  are  shown  in  Fig.  3.     It  will  be  seen  that  Cooper's  E  50 
loading  has  the  same  wheel  spacings  aa  E  40,  all  loads  being  i  of  the  loads  for  E  40. 

In  bridges  designed  for  Class  E  40  loading  and  under  the  floor  system  must  In  addition  be 
designed  for  two  moving  loads  of  100,000  lb.  each,  spaced  6'  o"  apart  on  each  track.  The  corre- 
sponding loads  for  Class  E  50  are  120,000  lb.  with  the  same  spacing.  The  American  Railway 
Engineering  Association  has  adopted  Cooper's  loadings,  except  that  the  special  loads  an  spaced 
~'  ~"      '  Lt  table  for  Cooper's  E  60  loading  is  given  in  Table  II,  Chapter  IV. 
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Equivalent  Dniform  Lottds. — An  equivalent  uniform  load  is  one  which  appraximately  pro- 
duces the  same  stresses  as  are  produced  by  a  series  of  concentrated  loads.  The  equivalent  uniform 
load  (or  bending  moment  in  a  bridge  is  the  uniform  load  that  will  produce  the  s: 
moment  at  the  quarter  point  of  a  bridge  as  the  actual  wheel  loads.  The  equivalent  u 
loads  for  bridge  trusses  up  to  300  It.  span  for  Cooper's  E  40  loading  are  given  in  Fig.  4. 
discussion  of  the  stresses  in  railway  bridge  trusses,  see  Chapter  IV. 


■'5  5000  E 
■t  *500   I 

|.      ZD    40     60    00    too    no    \A0    \eiO    leo   m    no   140   lu   tea  m 
"  Span  of  Bridge  in  Feet. 

Fig.  4.    E(^tnvALENT  Unifobm  Live  U>ad  for  Cooler's  E  40  Loading  for  Railway  Bridges. 
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CHAPTER  X. 

Design  of  Highway  Bridge  Floors, 

TTPES  OF  FLOORS.— The  chmce  of  floor  for  a  highway  bridge  depends  upon  the  traffic, 
the  cost  including  first  coat  and  cost  of  maintenance,  and  the  climate.  A  highway  bridge  floor 
consists  of  a  sub-floor  which  has  the  necessary  strength  to  carry  the  loads,  and  a  wearing  surface, 
[^nk  floors  and  reinforced  concrete  slabs  without  wearing  surface  have  the  sub-floor  and  wearing 
surface  combined.  A  highway  bridge  floor  should  have  a  strength  and  a  weight  appropriate  to 
the  structure  of  the  bridge,  and  should  be  well  drained.  The  wearing  surface  should  be  water- 
proof, capable  of  resisting  wear  and  should  be  as  smooth  as  possible  without  being  slippery. 
For  [Hoper  drainage  the  wearing  surface  should  have  a  longitudinal  grade  of  not  less  than  i  in 
loo  or  a  transverse  slope  of  not  less  than  i  in.  in  12  ft.  The  Ohio  Highway  CommisBion  requires 
"  Water-tight  floors  on  bridges  shall,  if  on  a  grade  of  less  than  i  per  cent  be  crowned  at  least  one 
inch  for  each  zo  ft.  in  width."  Sub-floors  for  highway  bridges  are  made  (1)  of  reinforced  concrete; 
(3)  of  buckle  plates,  and  (3)  of  timber.  The  most  common  wearing  surfaces  for  highway  bridge 
floors  are  (a)  concrete,  (.b)  bituminous  concrete,  (c)  asphalt,  (i)  creoeoted  timber  blocks,  («) 
brick,  (/)  stone  block,  (f)  macadam,  (ft)  gravel  or  earth.  The  different  types  of  sub-floora  and 
wearing  surfaces  for  highway  bridges  will  be  described  in  some  detail. 

REIITPORCBD  COMCRETB  PtOOR  SLABS.— Reinforced  concrete  floor  slabs  on  steel 
highway  brieves  may  be  supported  on  joists  or  stringers  and  floorbeams,  or  by  thefloorbeamsalone. 
Stringers  are  used  for  beam  bridges  and  are  commonly  used  for  truss  bridges,  while  the  stringerlesa 
Boor  is  commonly  used  on  pla.te  girder  bridges.  The  sub-floor  slabs  are  commonly  calculated 
to  carry  the  dead  load  due  to  the  weight  of  the  slab  and  of  the  wearing  surface,  and  a  live  load 
consisting  of  a  uniform  load  per  square  foot  or  a  concentrated  moving  load.  The  thickness  of 
reinforced  concrete  slabs  in  short  spans  is  commonly  determined  by  the  concentrated  moving 
load.  The  stresses  in  reinforced  concrete  slabs  due  to  a  concentrated  load  will  depend  upon  the 
distribution  of  the  load  over  the  slab.  The  different  methods  for  the  distribution  of  concentrated 
loads  in  use  in  different  specifications  arc  described  and  the  specifications  adopted  by  the  author 
are  given  in  Chapter  IX.  The  distribution  adopted  by  the  author  is  gjven  in  Table  I,  Chapter  IX. 
DesiEn  of  Reinforced  Concrete  Floor  Slabs. — The  author's  speciflcations  for  the  design  of 
reinforced  concrete  floor  slabs  are  as  follows; 

(l)  The  floor  for  all  classes  of  highway  bridges  except  D|  shall  be  designed  for  the  actual 
dead  kad  and  a  uniform  live  load  of  135  lb.  per  sq.  ft.  or  a  30-tan  auto  truck,  with  axles  13  ft. 
centers  and  wheels  6  ft.  centers,  14  tons  to  be  carried  on  rear  axle  and  6  tons  on  front  axle.  The 
rear  wheels  to  have  a  width  of  20  inches.  The  floors  for  D|  are  to  be  designed  for  the  actual  dead 
load  and  a  uniform  live  load  of  100  lb.  per  sq.  ft.  or  a  15-ton  auto  truck,  with  axles  10  ft.  centers 
and  wheels  6  ft.  centers,  10  tons  to  be  carried  on  the  rear  axle  and  5  tons  on  the  front  axle.  The 
rear  wheels  to  have  a  width  of  15  inches.  To  provide  for  impact  30  per  cent  shall  be  added  to  all 
live  load  stresses  in  floor  slabs. 

(a)  The  distribution  of  concentrated  wheel  loads  for  moments  in  slabs  carried  on  longitudinal 
girders  shall  be  as  given  in  Table  I,  Chapter  IX. 

(3)  The  distribution  at  concentrated  wheel  loads  for  moments  in  slabs  carried  by  transverse 
floorbeams  alone  shall  be  as  given  in  Table  1,  Chapter  IX. 

(4]  The  concrete  slab  shall  be  designed  for  the  following  allowable  unit  stresses;  the  concrete 
to  be  made  of  one  part  Portland  cement,  2  parts  clean,  sharp  sand,  and  4  parts  suitable  gravel  or 
10  139 
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broken  stone  that  will  pass  a  i  J  in.  ring,  and  that  will  give  a  compreBsive  strength  of  not  less  than 
2,000  lb.  per  sq.  in,  when  tested  in  cylinders  8  in.  in  diameter  and  i6  in.  long  after  having  been 
stored  for  2S  days  in  a  moist  closet.  Allowable  compresuon  in  slabe,  650  lb.  per  eq.  in,,  allowable 
tensile  stress  in  steel,  16,000  lb.  per  sq.  in.,  modulus  of  elasticity  of  steel  to  be  taken  as  15  times 
the  modulus  of  elasticity  of  concrete,  allowable  shear  as  a  measure  of  diagonal  tension  40  lb.  per 
sq.  in.,  punching  shear  120  lb.  per  sq.  in.,  bond  stress  tn  slabs  80  lb.  per  sq.  in.  for  plain  bars. 

(5)  The  distribution  of  concentrated  loads  for  shear  shall  have  a  minimum  effective  length  of 
3  ft.  For  an  effective  length  of  3  ft.  the  allowable  average  shearing  stress  shall  be  taken  at  120 
lb.  per  sq,  in.:  for  an  effective  length  of  4I  ft.  and  over  the  allowable  average  shearing  stress  shall 
be  taken  at  40  lb.  per  sq.  in.,  and  proportional  values  between  an  effective  width  of  3  ft,  and  4)  ft. 
The  concentrated  load  in  each  case  to  be  placed  so  as  to  produce  maximum  end  shear. 

The  depths  of  reinforced  concrete  slabs  required  to  carry  20-ton,  15-ton,  12-ton  and  10-ton 
auto  trucks  with  an  allowance  of  30  per  cent  for  impact,  when  supported  on  longitudinal  joists  or 
stringers  are  given  in  Table  I,  and  the  thickness  of  floor  slabs  when  supported  on  cross  floorbeame 
(stringerless  Roor)  arc  given  in  Table  11.  The  reinforcing  steel  for  reinforced  concrete  iloor  slaba 
ia  given  in  Table  111.  The  reinforcement  given  in  the  table  is  to  be  placed  at  the  bottom  of 
slabs  calculated  as  simply  supported  and  at  top  and  bottom  of  slabs  calculated  as  continuous  or 
partially  continuous. 

TABLE  I. 
Thickkess  op  Rbinpokced  Concrete  Floor  Slabs,  used  with  Joists. 
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Ezunples  of  R«inforc«d  Concrate  Floors. — Reinforced  concrete  fhxir  slabs  used  by  the 
Wisconsin  Highway  Commission,  the  Iowa  Highway  Comniission,  and  the  Michigan  State  High- 
way Department  are  given  in  Chapters  XI  to  XIll.  Reinforced  concrete  floors  used  by  the 
Ohio  State  Highway  Commission  are  given  in  Table  III,  Chapter  XXI. 

The  Illinois  Highway  Commission  (1917)  for  stringer  spacings  of  3)  ft.  uses  a  concrete  sub- 
floor  4  in.  thick,  with  a  4  in,  concrete  wearing  surface,  or  a  3  in.  creoeoted  timber  block  wearing 
surface.  The  concrete  sub-door,  4  in.  thick,  is  reinforced  on  the  under  side  with  )  in.  square  bars, 
spaced  6  in,  centers  and  centers  l  in,  above  lower  edge.  Transverse  reinforcement  consists  of 
I  in,  square  bars  spaced  12  in.  centers.  The  concrete  is  specified  as  1-2-3)  "•'*.  and  is  designed 
for  a  stress  of  800  lb.  per  sq.  in.  Details  of  the  standard  highway  bridge  floors  of  the  lUincns 
Highway  Commission  are  shown  in  Fig.  3. 

IThe  present  (1919)  practice  of  the  Illinois  Highway  Comniiswon  is  to  use  6-in.  reinforced 
concrete  floor  slabs  on  steel  highway  bridges.  No  covering  is  used,  the  upper  two  inches  being 
considered  as  a  wearing  surface.) 

The  West  Virginia  Highway  Commission  specifies  I-S-4  concrete  and  a  minimum  thickness 
of  slab  of  S  in.  to  the  center  of  the  tension  reinforcement. 
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TABLE  II. 

Thickness  of  Reinforced  Concrete  Floor  Slabs,  used  without  Joists, 
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TABLE  in. 
Rbinforcehent  fob  Reinforced  Concrete  Floor  Slabs. 
The  reinforcement  given  in  this  table  is  to  be  used  at  the  bottom  of  the  slabs  Rgured  a: 
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Chap.  X. 


The  Ohio  State  Hi^way  Commisaion  specifies  concrete  Blabs  for  different  stringer  spacingBaa 
follows:  5  in.  slab  for  x  Ft.  Epacing;  6  in.  slab  for  3  ft.  spacing:  6  in.  slab  for  4  ft.  spacing. 

Specifications  for  highway  bridges  of  the  state  of  Nebraska  specify  slabs  made  of  concrete  of 
a  i-2~4  mix,  6  in.  thick  reinforced  with  )  in.  round  bars  spaced  6  in.  centers.  The  bottom  of  the 
e  I  inch  below  top  of  joists. 
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Reinforced  Concrete  Floor,  Michigan  Highway  Couiussiok. 


The  standard  reinforced 


floor  used  by  the  Michigan  Highway  Commisuon  is  shown 


in  Fig.  I.    The  slab  is  6}  in.  thick  at  the  center  and  6  in.  thick  at  the  curb.    The  details  of  tbe 
floor  are  shown  ti 

MlseeUaneons  Ezam^s.^The  floor  ii 
creosoted  timbers.  The  timber  blocks  w( 
timbers.     Expansion  joints  were  placed  a 


n  Fig.  3  consists  of  3-iR.  creosoted  blocks  laid  on  S-in. 

■re  laid  in  pitch  spread  on  tar  paper  laid  an  top  of  tbe 

t  intervals  of  about  50  ft.  transversely,  and  along  the 

curbs.    After  a  short  period  of  heaving,  the  pavement  reached  a  constant  condition,  and  has  given 


complete  satisfaction. 

The  timber  floor  shown  ii 
The  timber  wearing  surface  ( 


Pig.  4,  was  used  on  33d  Street  Viaduct,  Etenver,  Colorado,  in  1909. 
as  replaced  in  1917,  with  a  laminated  Soor  made  of  a  in.  b>-  4  in. 
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pine  pieces  laid  edgewbe  and  spiked  together.  A  top  wearing  surface  of  asphalt  oi 
inches  thick  was  laid  on  top  of  the  laminated  floor.  The  results  after  two  yean 
factory.     Details  of  timber  block  floors  are  shown  in  Fig.  5  and  Fig.  6. 


Fig.  3.    Standard  Hichwav  Bridge  Floors,  Illinois  Higbwav  Coumission. 

Buckle PUteo. — Buckle  [datesaremadeby  "  dishing  "  flat  platesasin  TaUe  7,  Appendix  lit. 
The  width  of  the  buckle  W  or  length  L,  varies  from  2  ft.  6  in.  to  5  ft.  6  In.  Tlie  buckles  may  be 
turned  with  the  greater  dimenrion  in  either  dimension  of  the  plate,  Several  buckles  may  be  put 
in  one  plate,  all  of  which  must  be  of  the  same  size  and  be  symmetrically  placed.  Buckle  plates 
are  made  1  in.,  A  ''"■•  1  i"'  and  iV  ■!>'  thick.  Buckle  plates  should  be  firmly  bolted  or  riveted 
around  the  e^ges  with  a  maximum  spacing  of  6  inches,  and  shouM  be  supported  transversely 
■between  the  buckles.  The  process  of  buckling  distorts  the  plates  and  an  extra  width  should  be 
ordered,  and  the  plate  should  be  trimmed  after  the  process  is  complete.  The  buckle  plates  are 
usually  supported  on  the  tops  of  the  stringers,  but  may  be  fastened  to  the  bottoms  of  the  stringers. 
The  space  above  the  bucklea  is  filled  with  concrete  which  carries  the  wearing  surface.  Buckle 
plates  are  now  seldom  used  except  for  special  floors  and  heavy  floors  where  the  weight  of  a  rein- 
forced concrete  floor  would  be  too  great,  or  where  it  is  necessary  to  cut  down  the  clearance. 

Plank  Fh>or>. — As  long  as  an  excellent  grade  of  timber  was  available  and  the  concentrated 
loads  were  not  excessive,  timber  floors  were  quite  satisfactory  when  properly  constructed.  Plank 
Boon  should  be  of  white  oak,  long  leaf  yellow  pine  or  similar  timber,  laid  transversely.  Where 
two  layers  of  plank  are  used  the  lower  layer  is  laid  diagonally.  Planks  should  be  from  6  in.  to 
13  in.  wide  and  not  less  than  3  in.  thick.  To  carry  modem  auto  trucks  the  plank  should  have  a 
nunimum  thickneas  in  inches  of  three  halves  the  spacii^  of  the  stringers  in  feet.  Planks  should 
be  laid  from  i  in.  to  }  in.  apart  so  that  water  will  not  be  retained,  but  will  run  through  and  will 
give  the  planks  an  opportunity  to  dry  out.  Where  more  than  one  layer  of  planks  is  used  a  liberal 
coating  of  coal  tar  to  the  upper  side  of  the  lower  planks  and  to  the  lower  side  of  the  upper  planks 
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irill  materially  prolong  the  life  of  the  floor.  The  timber  in  floors  made  of  more  than  one  layer  of 
planks  should  lie  creosoted.  Each  plank  riiould  be  solidly  spiked  to  each  joist  with  sfukes  having 
a  length  of  not  less  than  twice  the  thickness  of  the  ptank,  or  6-in.  spikes  for  3-in.  plank  and  S-in. 


Fig.  3.    TiUBBR  Flcmr,  3otb  Stbbbt  ViAStKrr,  Denver,  C(xx>rado. 


"f* 


Fig.  4.    Timber  Ploos,  23110  Street  Viaduct,  Denver,  Colorado. 

spikes  for  4-in.  plank.  Where  steel  joists  are  used,  spiking  strips  about  3  in.  by  8  in.  are  bolted  to 
the  tops  of  all  joists,  or  spiking  strips  4  in.  by  6  in.  are  bolted  to  the  sides  of  three  lines  of  joists 
under  each  plank  length.  When  the  latter  method  is  used  the  floor  planks'are  fastened  to  tt^ 
intermediate  joists  by  bending  spikes,  driven  through  the  floor  plank,  around  the  upper  flanges  of 
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the  joists.    For  spedficationB  for  plank  Boors,  aee  tKe  author's  "General  Specificati 
Highway  Bridges." 

The  thickness  of  plank  (or  different  loadings  and  spans  calculated  for  the  allowable  stresses 
required  by  the  author's  spedBcations  are  given  in  Table  IV. 

Laminated  Timbsr  Floor. — Highway  bridge  floors  are  sometimes  made  by  placing  2  in.  by 
4  in.,  2  in.  by  6  in.,  or  3  in.  by  8  in.  timbers  on  edge  and  spiking  them  together.  A  waterproof 
wearing  surface  ia  placed  on  top  of  the  laminated  base.  The  safe  spans  for  a  laminated  timber 
floor  may  be  taken  the  same  as  for  planks  11  inches  ivide. 
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ROADWAY  ON  5WIN0  SPAN 
Roadway  Congress  St.  Bridge,  Chicago,  III. 


The  Oregon  Highway  Commission  uses  laminated  wood  floors  made  of  3  in.  by  8  in.  timbers 
placed  on  edge  and  spiked  together  at  intervals  of  not  less  Chan  iS  in.  "The  timbers  shall  prefer- 
ably be  long  enough  to  extend  the  full  width  of  the  roadway,  and  in  no  case  shall  more  than  two 
lengths  be  used  in  the  width  of  roadway.  Every  fifth  timtier  shall  project  1  in.  above  the  inter- 
vening four  pieces,  to  furnish  a  grip  for  ihc  walcr-proof  wearing  surface." 

The  Ohio  Highway  Commission  has  prepared  the  following  specification  for  laminated  high- 
way bridge  floors. 
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"  The  lumber  shall  be  oak  of  the  kiad  and  size  ffiiecified  and  at  leaat  90  per  cent  shall  have  a 
length  equal  to  the  width  of  the  roadway  and  may  be  of  undressed  lumber.  If  a  strip  does  not 
extend  entirely  across  the  roadway,  the  splice  siiall  be  made  over  a  joist,  and  splices  in  adjac 

•        ■^'  f     ..  .  .    ...         r  ..  1  i-_i,  ;„  ,1,-  J-„.|,  _(  . J* 


Fig.  6. 

"  Each  strip  of  the  floor  shall  be  placed  against  the  preceding  strip  laid,  the  greatest  dimension 
being  vertical,  and  spiked  to  the  preceding  strip  at  each  end  and  between  all  joists,  using  16  d 
spikes.  These  spikes  shall  be  omitted  on  one  continuous  joint  across  the  roadway  about  every 
four  feet,  so  that  the  floor  can  be  removed  in  sections  in  case  repairs  are  needed.  Hook  bolts 
along  the  side  of  the  roadway  are  to  be  at  the  center  of  each  of  these  sections.  Care  shall  be 
taken  10  have  each  strip  vertical  and  tight  against  the  preceding  one,  and  also  to  have  each  strip 
of  the  floor  bear  evenly  on  all  of  the  joists." 

A  laminated  floor  made  of  2  in.  by  4  in.  pine  timbers  placed  on  edge  and  spiked  together  was 
used  for  retlooring  23d  Street  Bridge,  Denver,  Colorado.  The  laminated  timber  base  is  covered 
with  an  asphalt  paving  ij  inches  thick. 


Fig.  7.     L.^HiNATED  Floor,  Chicago,  III. 


Example  of  Lamiiiated  Floor. — *The  laminated  floor  shown  in  Fig.  7,  has  been  used  on  high- 
way bridges  in  Chicago,  HI.  The  flooring  is  built  in  the  lield,  the  strips  being  spiked  to  each  other 
with  20  d.  spikes  spaced  about  i  fl.  centers,  and  then  face  bolted  to  the  stringer?  with  ]  in.  bolts 
spaced  4  ft.  on  centers  along  the  bridge  and  about  g  ft.  transversely.-  The  bolts  are  placed  in 
the  grooves.  Regulation  sheet  asphalt  was  laid  ij  in.  over  the  tops  of  the  strips  and  granite 
chips  were  rolled  in  with  a  5-ton  roller.  This  sheet  asphalt  covering  cost  9  cts.  per  square  foot, 
delivered  hot  at  the  floor  and  13  cts.  for  labor,  or  a  total  cost  of  32  cts.     For  future  work  it  is 


•  Engineering  News- Record,  November  13-20,  1919. 
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proposed  to  use  the  fdlowing  mix;  bitumen,  8.5  per  cent;  cement,  9.5  percent;  stone  (from  )  in, 
down  to  No.  10  mesh)  25  per  cent;  sand,  57  per  cent.  On  the  Erie  bascule  bridge  the  strips  were 
supported  on  steel  stringers  spaced  3  ft.  8  in.  centers.  After  completion  a  coal  motor  truck 
weighing  14  tons  went  over  the  Boor  at  12  miks  per  hour  without  noticeable  deflection.  The  cost 
per  square  foot  for  flooring  the  Erie  St.  bridge  was  83  cts.,  divided  as  follows:  8  cts.  for  carpenter 
work  at  fi.oo  per  hour,  1  ct.  for  carpenter  foreman,  at  $8.50  per  day;  3  cts.  for  bolts  in  place, 
at  60  eta.  per  bolt;  38  cts.  for  select  Douglas  fir  lumber,  at  $54  per  1,000  ft.  b.m.;  33  cts.  for 
asphalt  in  F^ace,  includmg  material  and  labor.  The  floor  weighs  15  lb.  per  sq.  ft.  for  lumber  and 
14  lb.  for  asphalt,  or  a  total  of  29  lb.  This  floor  replaced  a  floor  of  4  in.  creoeoted  blocks  laid  on 
6  in.  creosoted  pUnks  that  weighed  43  lb.  per  square  foot,  and  cost  $1.20  per  square  foot  for 
material  alone.  This  floor  practically  eliminates  vibration  and  is  practically  fireproof  and  water- 
proof. While  the  floors  (November,  1919)  have  only  been  in  service  3  months,  the  results  have 
proved  satisfactory. 

TABLE  IV. 

Thickness  of  i3-inch  Floor  Plank, 

For  8-inch  plank  add  33  per  cent  to  the  thickness  ot  plank. 

Thickness  in  Inches,  Actual  Size,  No  Impact. 
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Allowable  Stresses. — Bendini;  streas,  l.soo  lb.  per  iq.  in.;  bearing  acrou  fiber,  400  lb.  per  iq.  in. 
of  j<Mts  it  30  in. 

Cr«OMted  Timber  Floor. — Creosoted  timber  may  be  used  as  a  sub-floor  for  a  creosoted  timber 
block  wearing  surface,  for  a  bituminous  wearing  surface,  or  may  carry  a  gravel  or  earth  fill,  or  may 
have  no  wearing  surface. 

Spedflcatlons  for  Creoeoted  Umber. — Timber  used  for  all  creosoted  floor  timbers  except 
blocks  shall  be  first-class  oak,  long-leaf  yellow  pine  or  Oregon  fir.  It  shaUbecut  from  live  trees  and 
shall  be  straight  grained,  free  from  shakes,  large  or  looee  knots,  decayed  wood,  wcHin  holes  or  other 
defects  that  will  impair  its  strength  or  durability.  It  shall  be  sawed  straight  and  true  and  shall 
be  full  size.  All  timber  shall  be  impregnated  with  at  least  13  lb.  of  creosote  oil  per  cubic  foot  of 
timber.  The  creosote  oil  shall  be  a  pure  coal-tar  product  free  from  any  adulteration.  It  shall  be 
free  from  any  tar  or  any  petroleum  oil  or  petroleum  rendue.  The  specific  gravity  at  100°  F.  shall 
be  at  least  1.03,  but  not  more  than  1.07.  The  creosote  oil  shall  comply  with  the  epecilications  of 
the  American  Railway  Engineering  Association  for  creosote  oil.  The  timber  shall  be  im[Kegnated 
with  creosote  oil  by  the  full  cell  process.  The  details  of  the  treatment  shall  comply  with  the 
specifications  ot  the  American  Railway  Enf^neering  Association  for  the  treatment  of  ties  with 
creoeote  oil. 

The  timbers  for  the  sub-floor  shall  be  surfaced  on  one  side  and  one  edge,  and  shall  not  vary 
more  than  A  ■".  from  the  specified  thickness.    The  timbers  shall  be  laid  with  the  surfaced  side 
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down  with  tight  joints,  and  shall  be  fastened  to  the  outside  qtilciag  strips  mth  two  6-in.  lag  screws 
at  each  end  o(  each  plank,  and  to  the  intermediate  stringers  with  two  spikes  in  each  stringer,  the 
length  of  the  spilces  to  be  at  least  twice  the  thickness  of  the  floor  ptanks.  The  felloe  guard  shall 
be  bolted  to  the  stringers  with  t-iii'  bolts  spaced  not  more  than  5  ft.  centers. 

WEARinO  SURFACES  FOR  HIOHWAT  BRIDGE  FLOORS.— The  wearing  suriace  d  > 
highway  bridge  floor  should  satisfy  the  usual  conditions  for  a  pavement  and  in  addition  should 
not  have  an  excessive  weight;  as  an  increase  in  dead  load  on  the  bridge  increases  the  necenary 
amount  of  steel  in  the  floor  supports  and  the  trusses  and  increases  the  total  cost.  The  moK 
common  wearing  surfaces  will  be  briefly  described. 

Concrete. — A  concrete  wearing  suriace  is  laid  on  top  of  the  concrete  slab  by  the  Illinois  High- 
way Commisdon  as  follows; — The  wearing  surface  shall  have  a  thickness  of  not  less  than  4 
inches.  The  lower  2  in.  of  the  wearing  surface  shall  be  made  of  concrete  mixed  in  the  proportions 
□f  one  part  Portland  cement,  i  parts  dean  sand  and  4  parts  dean  gravel  or  broken  stone  that  will 
pass  a  i)-in.  ring.  The  concrete  shall  be  thoroughly  miiced  in  a  batch  mixer  to  a  jelly-like  consis- 
tency and  shall  be  placed  immediately  on  the  sub-floor  ^b.  Upon  this  concrete  layer  shall  be 
immediately  laid  a  2-in.  layer  of  mortar  made  by  mixing  one  part  Portland  cement  and  a  parts  of 
clean,  coarse  sand.  The  mortar  shall  be  mixed  to  a  jelly-like  consistency  in  a  batch  mixer  and 
shall  be  immediately  placed  upon  the  freshly  laid  concrete.  Before  the  mortar  has  begun  to  set 
it  shall  be  finished  off  with  a  wood  float,  and  before  it  has  hardened  it  shall  be  roughened  by  brush- 
ing with  a  stiff  vegetable  brush  or  broom. 

The  concrete  slab  and  the  concrete  wearing  surface  are  commonly  laid  10  one  operation,  the 
wearing  suriace  being  finished  as  for  a  concrete  pavement. 

Creoaoted  Timber  Blocks. — The  blocks  shall  be  made  of  prime  sound  long-leaf  yellow  pine 
or  Oregon  fir  and  shall  contain  no  loose  knots,  worm  holes  or  other  defects,  and  shall  be  well  manu- 
factured. No  wood  avera^ng  less  than  6  rings  to  the  inch,  measured  radially  from  the  center  of 
the  heart  shall  be  used.  The  blocks  shall  have  a  depth  as  specified,  but  the  depth  shall  not  be  less 
than  3  in.  The  blocks  shall  be  from  6  to  lo  in.  long.  The  width  shall  be  from  3  to  4  in.,  but  the 
blocks  in  any  contract  shall  have  the  same  width.  A  variation  of  A  ''"■  in  depth  and  }  in.  in 
width  will  be  permitted.  The  width  shall  be  greater  or  less  then  the  depth  by  not  less  than  }  in. 
The  blocks  shall  be  imp^gnated  with  creosote  oil  by  the  full  cell  process.  The  creosote  oil  and  the 
method  of  creosoting  timber  blocks  shall  be  the  same  as  spedfied  for  creosoted  timber.  All  creo- 
soted  timber  blocks  shall  contain  not  less  than  16  lb.  of  creosote  oil  per  cubic  foot  of  timber. 

Laying  Creosoted  Timber  Blocks. — When  the  creoaoted  timber  blocks  are  laid  on  a  creoaoted 
timber  base,  a  layer  of  tar  paper  shall  be  laid  on  the  timber  base.  When  creoeoted  timber  blocks 
are  laid  on  a  concrete  floor  slab,  a  layer  of  dry  cement  mortar  made  by  mixing  dry  one  part  ol 
Portland  cement  and  fourpartsof  clean  dry  sand  shall  be  spread  on  the  dry  floor  slab,  Theccment 
cushion  shall  be  rolled  to  a  thickness  of  )  in.  As  the  blocks  are  laid  on  the  concrete  slab  the  sand 
and  cement  shall  be  moistened  by  sprinkling  and  the  blocks  shall  be  laid  before  the  cement  has 
had  time  to  set.  The  blocks  shall  be  laid  at  right  angles  to  the  length  of  the  bridge  in  parallel 
lines,  with  the  grain  vertical.  The  blocks  shall  break  joints  at  least  3  in.  Two  lines  of  blocks 
shall  be  laid  next  to  the  curb  with  the  long  dimension  of  the  bkick  parallel  to  the  brit^,  and  the 
remainder  of  the  blocks  shall  be  laid  at  right  angles  to  those  blocks.  The  blocks  shall  be  laid  with 
open  joints,  )-in.  open  joints  transversely,  J-in.  open  joints  longitudinally.  Expannon  joints  not 
less  than  I  in.  thick  the  full  depth  of  the  block  shall  be  provided  along  each  curb,  and  transverae 
joints  not  less  than  i  in.  thick  shall  be  provided  every  50  ft,  in  length  of  the  bridge.  These  jfunts 
shall  be  kept  closed  until  the  blocks  are  all  laid,  and  the  -pace  is  then  to  be  filled  with  a  bituminous 
filler.  After  the  blocks  have  been  laid  they  shali  be.  tamped  or  rolled  to  firm  bearing.  All  defeiTt- 
ive,  broken,  damaged  or  displaced  blocks  shall  be  removed  and  replaced  with  sound  blocks.  AD 
joints  and  expansion  joints  shall  then  be  filled  to  1  depth  of  two-thirds  the  depth  of  the  block  with 
a  satisfactory  bituminous  filler.  The  filler  shall  not  be  brittle  at  0°  F.  nor  flow  at  120°  F.  The 
filler  shall  be  applied  at  a  temperature  of  not  less  than  300°  F.    After  the  first  apfdication  has 
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*et  the  jointB  Bhall  be  filled  to  the  proper  height  with  a  second  coat.  Joints  shall  be  tilled  only  in 
dry  weather,  when  the  temperature  is  not  less  than  50*  F.  Before  the  second  coat  has  hardened 
a  layer  of  sand  {  in.  thick  shall  be  spread  on  the  surface  and  shall  be  swept  into  the  joints. 

Ktnminoiis  Weating  Snrface  Fliwra. — Bituminous  wearing  surface  floors  may  be  laid  on  a 
creosoted  timber  sub-floor  or  on  a  concrete  sub-floor. 

Bituminous  Wearing  Surface  on  Timber  Sub-Floor.— The  bituminous  wearing  surface  may 
be  put  on  hot  by  the  standard  method,  or  by  a  cold  process.  The  specifications  adopted  in  191 7 
by  the  Illinois  Highway  Commission  are  as  follows: 

BltnmiaouB  Wearing  Surface — Hot  PenetraticMi  Hediod.    Dlinoia  Hidiwar  Comjoiesioii. 

Asphalt. — The  asphalt  used  for  bituminous  wearing  surface  shall  conform  to  the  following 
requirements:  Asphalt  shall  have  a  specific  gravity  at  25'  C.  of  not  less  than  0.97  nor  more  than 
unity.  It  shall  be  soluble  in  cold  carbon  disulphide  to  the  extent  of  at  least  98  per  cent.  Of  the 
total  bitumen,  not  less  than  33  per  cent  nor  more  than  30  per  cent  shall  be  insoluble  in  S6°  B. 
naphtha.  When  20  grams  (in  a  tin  dish  li  in.  in  diameter  and  i  in.  deep  with  vertical  sides)  are 
maintained  at  a  temperature  of  163°  C.  for  5  hours  in  a  N.  V.  testing  laboratory  oven,  the  evapora- 
tion loss  shall  not  exceed  3  per  cent  and  the  penetration  shall  not  have  been  decreaaied  more  than 
35  per  cent.  The  fixed  carbon  shall  not  exDeed  16  per  cent  by  weight.  The  penetration  as  de- 
terrnined  with  the  E)ow  machine  uui^  a  No.  2  needle,  100  gm.  weieht,  5  seconds  time,  and  a  tem- 
perature of  35'  C.  shall  be  not  less  than  30  nor  more  than  50.  Tne  asphalt  shall  contain  not  to 
exceed  6  per  cent  by  weight  of  paraffine  scale. 

A  ggreeale.—Tht  a^regate  shall  consist  of  screened  gravel,  which  shall  have  been  approved 
by  the  engmeer,  dry,  free  from  dust,  dirt  and  clay,  and  graded  in  size  from  }  in.  to  ]  in. 

Ckatting  Sub-pUttking,— Before  placing  the  wearing  surface,  the  suf>-planking  shall  be  thor- 
oughly cleaned  from  all  foreign  material  and  the  cracks  shall  be  filled  and  the  plank  covered  to  a 
depth  of  approximately  j  in.  with  asphalt  of  the  character  herein  specified,  which  shall  be  applied  at 
a  temperature  of  not  less  than  400°  F.     The  suti-planking  shall  be  dry  when  the  asphalt  is  applied. 

Placing  Wearing  Surface. — The  [jravei  shall  be  spread  on  the  asjjhalt  covering  while  the  same 
is  hot  and  in  a  quantity  which  will  just  cover  the  asphalt.  The  thickness  must  not  exceed  that 
which  will  be  formed  by  a  single  layer  of  the  gravel  pebbles. 

Upon  the  material  thus  spread,  there  shall  be  poured  hot  asphalt  until  the  interstices  are  all 
filled,  the  asphalt  being  at  a  temperature  of  not  less  than  400°  F. 

Upon  the  layer  of  asphalt  thus  poured  there  shall  be  spread  a  second  layer  of  gravel  which  shall 
not  exceed  the  thickness  of  a  single  layer  of  pebbles,  but  which  must  be  sprt^  in  sufficient  quantity 
to  cover  completely  the  layer  of  asphalt. 

Upon  the  layer  of  gravel  thus  spread  there  shall  be  poured  hot  asphalt  until  all  the  interstices 
are  filled,  the  asphalt  living  a  temperature  of  not  less  than  400°  F. 

Finish. — The  surface  stall  then  be  covered  with  a  layer  of  pebbles  just  sufficient  to  cover  the 
aephalt,  the  pebbles  to  be  well  rolled  or  lamped  into  the  asphalt  and  the  surface  finally  covered 
with  coarse  sand  sufficient  to  take  up  any  free  asphalt.  After  the  surface  has  stood  for  one  day, 
it  may  be  opened  to  traffic. 

Bitaminoui  Wearing  Surface — Cold  t/ii-rin^  Uethod,  using  an  Asphalt  Bmulaion.  QUnoii 
mghwaj  Conuniwion. 

Asphalt  Emulsion. — The  emulsion  shall  conust  of  asphalt,  water  and  fatty  or  resin  soap  thor- 
oughly emulsified.    It  shall  conform  to  the  following  requirements: 

Total  bitumen Not  less  than  60.0  per  cent 

Specific  cravity  of  dehydrated  material Not  less  than  1.000 

Penetration  of  dehydrated  material,  35°  C,  100  gm.,  5  sec 150  to  3oo 

ToUil  Bitumen. — The  total  bitumen  shall  be  con^dered  as  being  100  minus  the  sum  of  the 
percentages  of  water,  of  fatty  or  resin  adds,  of  organic  matter  insoluble  in  carbon  disulphide  other 
than  fatty  or  renn  acids  from  the  soap,  or  mineral  matter  (ash),  and  of  ammonia. 

For  percentages  of  water,  fatty  or  resin  acids,  organic  matter  insoluble  in  carbon  disulphide, 
mineral  matter  (ash),  and  ammonia,  see  United  States  Department  of  Agriculture  Bulletin  314, 

Specific  Gforily.^Standardiied  pycnomcters.  United  States  Department  of  Agriculture 
Bulletm  314,  p.  4. 

Penetration.~h.  S.  T.  M.  Stand.     Test  D  5-16. 

AgiTtgate. — The  aggregate  shall  consist  of  crushed  stone  chips  uniformly  graded  from  {  in. 
down  to  dust  with  all  dust  removed,  to  which  shall  be  added  sufficient  sand  to  fill  all  remaining 
voids,  but  not  to  exceed  30  per  (%nt  erf  the  volume  of  the  aggregate. 
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Ckaning  Sub-PlaiMiig. — Before  placing  the  wearing;- surface,  the  sub-planking  sh^ll  be 
thoroughly  cleaned  from  all  foreign  material  and  all  cracks  shall  be  filled  with  wood  stripe  or  oakum. 

Mixing  MaleriaJs.— The  aggregate  and  the  asphalt  emul»on  shall  be  mixed  cold  in  the  pro- 
portions of  I  gal,  of  emulsion  to  i  cu.  ft.  of  affgregate.  To  facilitate  mixing,  water  to  the  extent  of 
20  per  cent  may  be  added  to  the  emulsion.  The  proportions  dven  above  for  mixing  the  aggregate 
and  the  emulsion  are  based  on  the  undiluted  emulsion.  Tne  mixing  shall  be  done  on  a  tight 
mixing  board  or  in  a  batch  concrete  mixer,  and  shall  continue  until  all  particles  of  the  aggr^^ate 
are  thoroughly  coated. 

Placing  Wearing  Surface. — After  mixing,  the  material  shall  be  spread  upon  the  roadway  in 
sufficient  quantity  to  provide  a  thickness  of  j  in.,  after  rolling  or  tamping. 

Finish. — After  the  material  has  been  rolled  or  tamped  smooth  and  to  a  uniform  thickness  of 
]  in.,  the  surface  shall  be  given  a  paint  coat  of  the  emulsion  applied  at  the  rate  of  i  gal.  per  sq.  yd., 
and  then  shall  be  covered  with  coarse  sand  suilicient  to  take  up  any  free  asphalt  and  to  till  all  voids 
in  the  surface.     After  the  surface  has  stood  for  one  day,  it  may  be  opened  to  traffia 

Bitmninous  Payenunt  on  Concrete.— A  bituminous  wearing  surface  may  be  laid  as  on  the 
creosoted  plank  sub-floor,  or  the  wearing  surface  may  be  laid  according  to  the  following  standard 
method.  The  concrete  shall  be  dry  and  thoroughly  clean.  A  bituminous  wearing  surface  two 
inches  thick  is  applied  as  follows:  The  aggregate  consists  of  broken  stone  or  gravel  pas»ng  a 
one-inch  screen  with  the  dust  screened  out  to  which  is  added  sand  equal  to  about  one-quarter  to 
Mie-half  the  volume  of  the  stone.  The  aggregates  shall  be  lieated  and  mixed  with  the  bituminous 
material  in  a  mechanical  mixer  or  by  hand  with  hot  shovels.  71)e  aaphalt  shall  be  mixed  not  less 
than  zo  gallons  to  the  cubic  yard  of  aggregate  at  a  temperature  of  350°  to  400'  F.  The  mixture 
shall  be  applied  hot  to  the  concrete  surface  and  ^lall  be  raked  with  hot  hoea  or  rakes  and  rolled 
with  a  roller  weiring  not  less  than  5  tons.  After  the  surface  has  been  rolled  a  layer  of  hot  aaphalt 
■hall  be  applied  and  a  layer  of  coarse  sand  rolled  into  the  hot  asphalt. 

Ezaia[des  of  Highway  Bridge  Floors. — The  following  examples  of  highway  bridge  floora 
specified  by  different  highway  commissions  are  of  interest. 

The  Illinois  Highway  Commission  uses  the  following  standard  floors:  (i)  A  reinforced  con- 
crete sub-floor  4  in.  thick,  and  a  concrete  wearing  surface  4  in.  thicic,  weight  100  lb.  per  sq.  ft.; 
1,2)  a  reinforced  concrete  sub-floor  4  in.  thick  and  a  creosoted  timber  block  wearing  surface  3  In. 
thick,  weight  65  lb.  per  sq.  ft.;  (3)  a  creosoted  plank  sub-floor  3  in.  thick  and  a  wearing  surface  of 
creosoted  timber  blocks  3  in.  thick,  weight  33  lb.  per  sq.  ft.;  and  (4)  a  creosoted  timber  ship  lap 
floor  3  in.  thick  and  a  wearing  surface  of  creosoted  timber  blocks  3  in.  thick,  weight  361b.  persq.  ft. 
For  details  of  Illinois  H:ghway  Commission's  standard  floors  see  Fig.  3. 

The  Michigan  Highway  Commission  uses  the  following  surface  treatment  on  concrete  tkMr 
slabs.  The  surface  of  the  concrete  is  thoroughly  cleaned  and  }  of  a  gallon  of  coal  tar  per  sq.  yd., 
heated  to  a  temperature  of  250°  to  350'  F.  is  spread  over  the  slab.  While  the  tar  is  hot  the  surface 
is  evenly  covered  with  a  layer  }  in.  thick  of  dean,  sharp,  coarse  sand. 

The  Wisconsin  Highway  Commission  does  not  specify  a  wearing  coat  on  top  of  concrete  fkmr 
slabs. 

The  Iowa  Highway  Commission  uses  either  a  3  in.  fill  of  gravel  or  a  creosoted  Uock  floor  3  in. 
thick.  Concrete  slabs  are  covered  with  a  bituminous  coating  made  by  applying  to  the  clean  dry 
slab  1  of  a  gallon  of  hot  tar  per  sq.  yd.  A  layer  of  coarse  dry  sand  is  heated  and  sifted  on  top  of 
the  tar. 

For  additional  examples  of  highway  bridge  floors  and  data  on  concentrated  loads  on  bridges 
and  details  of  the  design  of  highway  bridge  floors,  see  paper  entitled  "Highway  Bridge  Floors," 
by  Professor  Charles  M.  Spofford,  ProceedingsSociety  Western  Pennsylvania,  Vol.  31,  pp.  727-826. 

Cost  of  Floors. ^The  costs  of  highway  bridge  floora  were  estimated  by  Mr.  Clifford  Older, 
bridge  engineer,  Illinois  Highway  Commission  in  1915  as  follows:  Concrete  in  sub-floors  including, 
reinforcing  steel,  fl2.oo  per  cu.  yd.;  concrete  wearing  surface,  4  in.  thick,  to.90  per  sq.  yd-; 
creosoted  sub-plank  (12-lb.  treatment)  in  place,  $70  per  thousand  feet  B.  M.;  creosoted  blocks  3 
in.  thick,  in  place,  I1.80  per  sq.  yd.;  bituminous  gravel  wearing  surface,  i  in.  thick,  fo.6o  per  sq. 
yd.  The  weights  and  costs  of  the  Illinois  Highway  Commission  standard  floors  were  as  follows: 
e  sub-floor  4  in.  thick  and  concrete  wearing  surface  4  in.  thick,  weighs  loo  lb.  per  sq.  ft.. 
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and  cost  $1.95  per  sq.  yd.;  concrete  lub-fioor  4  in.  thick,  and  creosoted  blocks  3  in.  thick,  weigha 
65  lb.  per  sq.  ft.,  and  cost  $3.35  per  eq.  yd.;  creosoted  pUnk  sub-floor  3  in.  thick,  and  creoeoted 
bkicks  3  in.  thick,  weighs  32  lb.  per  sq.  ft.,  and  cost  $4.10  per  sq.  yd.;  creosoted  plank  sub-floor 
3  in.  thick,  and  bituminous  wearing  surface  )  in.  thick,  weighs  36  lb.  per  sq.  ft.,  and  cost  $3.00 
per  sq.  yd. 

DESIOn  OF  STWMGERS.^Stringers  or  joists  support  the  floor  and  in  turn  are  supported 
by  the  Roorbeams.  The  joists  may  be  supported  on  the  tops  of  the  floorbeams  or  may  be  framed 
into  the  floorbeam  by  the  use  of  connection  angles.  Where  concrete  floors  are  used  the  steel  joists 
should  either  be  supported  on  the  tope  of  the  floorbeams  or  if  framed  into  the  floorbeams  should  - 
ha\-e  the  upper  flanges  of  the  beams  coped  so  that  the  tops  of  the  joists  will  be  on  the  same  level 
as  the  Roorbeams.  The  loads  carried  by  the  joists  are  (1)  the  dead  load  which  is  made  up  of  the 
weight  of  the  joists,  the  floor  slab  and  the  wearing  surface;  (2)  a  uniform  live  load,  or  a  concen- 
trated moving  load.  The  uniform  live  load  and  the  concentrated  moving  loads  arc  the  same  as  the 
loads  used  in  designing  the  floor  slabs,  but  the  distribution  of  the  concentrated  load  is  not  the  same. 
The  distribution  of  the  moving  concentrated  load  to  the  joists  as  specified  by  different  highway 
commissions  and  others,  and  by  the  author  have  already  been  given- 
Steel  Stringers,— The  sizes  of  steel  I-beams  of  minimum  weights  required  for  stringers  with 
different  spacings  to  carry  a  dead  load  of  100  lb,  per  sq.  ft,  and  a  20-ton  auto  truck  with  30  per  cent 
impact  or  a  live  load  of  125  lb.  per  sq.  (t,  with  30  percent  impact  are  given  in  Fig.  8;  and  to  carry 
a  dead  load  of  100  lb.  per  sq.  ft.  and  a  15-ton  auto  truck  with  30  per  cent  impact  or  a  live  load  of 
100  lb.  per  sq,  ft.  with  30  per  cent  impact  are  given  in  Fig.  9.  The  sizes  of  steel  I-beams  of  mini- 
mum weights  required  to  carry  a  dead  load  of  100  lb.  per  sq,  ft.  and  a  15-ton  auto  truck  without 
impact  or  a  live  load  o(  100  lb.  per  sq.  ft.  without  impact  are  given  in  Fig.  10.  The  steel  stringers- 
used  by  the  Wisconsin  Highway  Commission  to  carry  a  15-ton  road  roller  without  impact,  and  the 
steel  stringers  used  by  the  Iowa  Highway  Commission  to  carry  a  i5-ton  traction  engine  without 
impact  are  practically  the  same  as  those  given  in  Fig.  lo. 

TABLE  V. 

SPAaNO  OF  Timber  Stringers  or  Joists. 

Calculated  for  30-ton  Auto  Truck,  Without  Impact. 
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TTie  proportion  of  the  concentrated  live  load  carried  by-one  joi«t  thall  be  taken  equal  to  the 
spacing  of  the  joiiu  in  feet  divided  bv  four  feet. 

Joists  were  dnigned  (or  allowable  »treiue«  ai  folbws:  Cross-bending,  1,500  lb.  per  «q.  in.j  bear- 
ing acrolt  the  grain  400  lb.  per  <q.  in.;   longitudinal  shear  140  lb.  per  so.  in. 

Spacing  of  joists  for  spans  to  left  of  heavy  line  are  determined  by  longitudinal  shear. 
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Timber  Joists. — The  sizes  of  timtier  stringers  or  joists  for  different  spodngs  and  spans  to 
carry  a  30-ton  auto  truck  are  given  in  Table  V;  to  cany  a  15-ton  auto  truck  in  Table  VI,  and  to 
carry  a  lo-ton  auto  truck  in  Table  VII.  The  timber  joists  were  designed  for  the  following  unit 
stresses,  to  be  used  without  impact:  Allowable  bending  stress,  1,500  lb.  per  sq.  in.;  allowable 
bearing  across  the  grain,  400  lb.  per  sq.  in.;  allowable  longitudinal  shear  in  beams,  1401b.  per  sq.  in. 
n  spacings  of  timber  joists  for  short  spans  are  determined  by  the  longitudinal  shear. 
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Spacing  of  Tiubbb  Stringbus  or  Joists. 

Calculated  for  is-ton  Auto  Truck,  Without  Impact. 
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The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  uken  equal  to  the 
spacing  of  the  joista  in  feet  divided  by  four  feet. 

ing  across  the  grain,  400  lb.  per  iq.  in.;  longitudinal  shear,  140  lb.  per  sq.  in. 

Spacing  of  joists  for  spans  to  left  of  heavy  line  arc  determined  by  longitudinal  shear. 

TABLE  VIJ. 

Spacing  of  Timber  Stringeks  ok  Joists. 

Calculated  for  lo-ton  Auto  Truck,  Without  Impact. 
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The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  ihe 
spadng  of  the  joists  in  feet  divided  by  four  feet.                                                                    ^ 

ing  across  the  grain,  400  lb,  per  sq.  in.;   longitudinal  shear,  140  lb.  per  sq.  in. 

Spacing  of  joists  for  spans  to  left  of  heavy  line  are  determined  by  longitudinal  shear. 
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Bending  Mouents  in  Floorbeams  and  Stringers  for  3o-ton  Auto  Truck. 

(30  PER  CENT  IUPACT).   CONCRETE  FlOOR. 
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Fir..  9,    Bending  Moments  in  Ploorbeaus  and  Stringers  for  15-TON  Auto  Truck. 
(30  PERCENT  Impact).    Concrete  Floor.  ,-  1 
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DESIGN  OF  FLOORBBAHS.— The  Boor  loads  may  be  carried  to  the  floorbeams  by  means 
of  stringers  or  joists,  or  the  loads  may  be  carried  to  the  floorbeams  directly  by  the  floor  slabs. 
The  loads  carried  by  the  floorbeams  consist  of  (i)  the  dead  load  which  is  the  weight  of  the  floor 
eystem;  (z)  a  uniform  live  load  or  a  concentrated  moving  load.  The  uniform  live  loads  are  the 
same  as  the  uniform  live  loads  used  in  designing  the  floor  slabs  and  stringers,  but  the  distribution 
of  the  concentrated  moving  load  is  not  the  same  as  for  either  the  floor  slabs  or  the  stringers.  The 
distribution  of  the  moving  concentrated  load  to  floorbeams  as  specified  by  different  highway  com- 
missions and  others,  and  by  the  author  have   been  given  in  Chapter  IX. 

Steel  I-B«am  FlooTbetms.— The  sizes  of  steel  I-beams  required  tor  floorbeams  for  panel 
lengths  of  lo  ft.  to  24  ft.  and  widths  center  to  center  of  trusses  or  girders  of  15  ft.  to  26  ft.,  to  carry 
a  dead  load  of  100  lb.  per  sq.  ft.,  and  a  ao-ton  auto  truck  with  30  per  cent  impact,  or  a  uniform  live 
load  of  125  lb.  per  sq.  ft.  with  30  per  cent  impact  are  given  in  Fig.  8;  while  the  floorbeams  required 
to  carry  a  15-ton  auto  truck  with  30  per  cent  impact,  or  a  uniform  live  load  of  100  lb.  per  sq.  ft. 
with  30  per  cent  impact  are  given  in  Fig.  9.  It  will  be  noted  that  the  uniform  live  load  controls 
for  wide  roadways  or  for  long  panels. 

For  a  bridge  17  ft.  center  of  trusses  and  18  ft.  panels,  from  Fig.  8  the  required  floorbeam 
is  a  24  in.  I  @  80  lb.,  while  from  Fig.  9  the  required  floorbeam  is  a  20  in.  I  @  70  lb. 

The  sizes  of  steel  I-beams  required  for  floorbeams  for  panel  lengths  of  10  ft.  to  24  ft.,  and 
widths  center  to  center  of  trusses  or  ^rders  of  15  ft.  to  26  ft.,  to  carry  a  dead  load  of  too  lb.  per  sq. 
It.  and  a  15-ton  auto  truck  without  impact,  or  a  uniform  live  load  of  100  lb.  per  sq.  ft.  without  im- 
pact are  given  in  Fig.  10.  These  are  practically  the  floorbeams  required  by  the  specifications  of 
the  Illinois,  Iowa,  and  Wisconsin  Highway  Commissions.  Steel  stringers  for  the  same  loading 
are  given  in  Fig.  10. 

The  bending  moments  for  the  design  of  built-up  floorbeams  may  be  obtained  from  Fig.  S, 
Fig.  9,  or  Fig.  10. 


/^elLenqthmFefi.  Seeing  in  feet. 

Bending  Moments  in  Floorbeams  and  Stbingeks  I'or  15.T0N  Auto  Truck. 
(No  Impact).    Concrbtk  Floor. 
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CHAPTER  XI. 
Design  of  Beau  Highway  Bridges. 

Introduction. — Beam  bridges  are  made  by  placing  steel  beama  aide  by  side  with  the  ends 
resting  on  the  abutments.  The  roadway  floor  may  have  a  concrete  sub-Roor  with  an  earth  fill 
wearing  surface,  a  timber  block  wearing  surface,  an  asphalt  or  bituminous  wearing  surface,  or  a 
concrete  wearing  suriace;  or  a  plaJik  floor  may  be  used.  The  spacing  of  the  beams  depends  upon 
the  load  to  be  carried  and  upon  tlie  type  of  floor.  An  old  rule  for  the  thickness  of  oak  floor  planks 
was  that  the  floor  should  have  at  least  one  inch  in  thickness  for  each  foot  of  spacing  of  joists  or 
stringers.  With  the  modem  auto  truck  a  better  rule  is  that  the  floor  planks  shall  have  three 
inches  in  depth  for  each  two  feet  of  spacing  of  joists  or  stringers,  with  a  minimum  thickness  of 
3  inches.  Joists  or  stringers  with  plank  floors  should  not  have  a  greater  spacing  than  3  feet. 
The  thickness  of  concrete  slabs  required  to  carry  a  given  load  is  practically  a  constant  from  2  ft. 
to  4  ft.  or  5  ft.,  and  it  is  therefore  commonly  economical  to  use  a  larger  spacing  for  joists  or  stringers 
when  used  to  support  a  concrete  sub-floor  than  when  used  to  support  a  plank  floor.  The  outside 
beams  should  be  the  same  size  as  the  intermediate  beams.  It  is  commonly  specified  that  rolled 
beams  when  used  for  stringers  shall  have  a  depth  not  less  than  one-thirtieth  of  the  span. 

Standard  steel  beam  bridges,  as  dedgned  by  the  American  Bridge  Company,  are  shown  in 
Fig.  I  and  Fig.  3.  The  details  of  both  bridges  are  the  same  with  the  exception  of  the  fence. 
Angle  croes-braces  are  used  on  both  bridges.  The  beams  rest  directly  on  the  bridge  seat  of  the 
abutment  and  not  on  wall  channels  as  is  a  more  common  practice,  although  a  channel  is  some- 
times laid  on  the  bridge  seat  with  the  legs  turned  down  to  catry  the  beams.  The  gas  pipe  rail  in 
Fig.  I  is  much  cheaper  than  the  lattice  rail  in  Fig.  3. 

In  the  place  of  the  spiking  strips  on  the  tops  of  the  beams,  as  shown  in  Pigs.  I  and  2,  spiking 
strips  are  sometimes  bolted  on  the  sides  of  the  channels  and  the  center  1  beam,  or  two  channels 
are  used  for  the  center  beam  with  the  spiking  strip  bolted  between  them.  The  floor  planks  are 
spiked  to  these  spiking  strips,  and  are  fastened  to  the  other  beama  by  clinching  spikes,  which 
have  been  driven  through  the  planks,  around  the  top  flanges  of  the  beama. 

The  maximum  span  for  beam  bridges  is  usually  given  as  40  feet.  A  better  limit  for  beam 
spans  is  32  feet.  Riveted  truss  bridges  should  be  used  (or  spans  of  32  feet  and  upwards  for  country 
bridges,  and  plate  girders  for  heavy  city  bridges.  Riveted  bridges  for  spans  of,  say,  40  feet  are 
more  economical  than  beam  bridges  and  will  give  fully  as  great  a  length  of  service.  The  ends  of 
beam  bridges  should  always  be  supported  on  masonry  abutments. 

Details  of  a  standard  beam  bridge  with  a  concrete  floor  as  adopted  by  the  Wisconsin  High- 
way Commission  are  shown  in  Fig.  3.  The  beams  are  fastened  to  the  wall  plate  channels  by 
means  of  U-bolts.  Drains  through  the  Boor  slab  at  the  gutter  are  provided  at  distances  of  la  ft. 
or  12  ft.  The  reinforced  concrete  slab  is  6  in.  thick  at  the  center  and  5  in.  thick  at  the  curbs, 
reinforced  transversely  with  i  in.  square  twisted  bars  spaced  6  in.  centers,  with  center  of  bars 
I  in.  from  bottom  of  slab,  and  the  longitudinal  bars  arc  i  in.  square  twisted,  spaced  two  between 
adjacent  joists.  The  posts  of  the  rail  are  anchored  to  the  concrete  slab  floor.  Channels  are 
used  for  the  outside  stringers  in  the  place  of  I-beams,  which  is  the  better  practice.  The  wzes 
of  I-beams  used  by  the  Wisconsin  Highway  Commission  for  different  spans  are  given  in  Table  I. 
These  beam  spans  are  designed  for  a  ts-ton  road  roller,  not  considering  impact. 

Details  of  a  beam  bridge  with  concrete  floor  and  fence  as  designed  by  the  Iowa  Highway 
Commission  are  given  in  Fig.  4.    The  sizes  of  I-beams,  quantities  of  material  and  other  data  for 
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»»  ff'Awni. 


Fig.  i.     Beam  Bbidgb.    American  Bkidgk  Company. 


H0tfenJt^*>r.  Hrlf  Cnsi  Sffflen. 

Fig.  2.    Beam  Bridge.    American  Bsidgb  Company. 
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beam  spans  from  i6  ft.  to  33  It.  are  given  in  the  cut.  It  will  be  noted  that  I-beama  are  used  for 
the  outside  stringers  in  this  design.  The  outside  stringers  are  wrapped  with  wire  mesh  and  are 
encased  in  concrete.  Weep  holes  2  in.  in  diameter  spaced  4  ft.  apart  are  provided  on  each  side 
of  the  bridge- 
Details  of  a  beam  bridge  with  concrete  Roorand  aji  angle  rail,  asdeaigned  by  the  Iowa  High- 
way ComraissioD  are  given  in  Pig.  5.     The  sizes  of  I-beams  and  channels  for  spans  of  16  ft.  to  33 


£*»  IkaffBlw.  bars  Hf'/ffc 

f.    ,-Jloimdai'^mrstelrtdiia   j 

'  ''  mod/^itbtrnthOnm  ^  ! 


ill,  -i.^    ,tih    .til 


\^.ispsf.?iS\S'P'. 

OmssSecr/on 

Bill  OFliATenutL 

5-ie»imsn')ii'2o'-c'AJoist3. 
i-a>Mr^i?'is\'a'-i  ■■    ■■ 
I-    ■■       6''gf  /i'-C"  milPb. 
4      ••       3'ji4.  ^-d"-  H^Hnq. 
8-Amlfi  siri-ild'-S',   fhsli.  LOAoms 

I      ■•      4i3ii',/i'-^"  fpi/iter.      ^iBiWeaht  of  Structure 
M-Bari     iatw..lf-0'»  Rtinf        LmlS-%o^     '"  " 

2-Ftpf      3'*       t'S"  i>rams 
tJcvyd  l:2-4cancretf 
5unnAifYCfSrtEL 


I-B£AnBlfl06£ 
Concrete  Floor 

20'-0'5pah   iM'RoAmAr 


Fig.  3.    Standard  Beam  Budge.    Wiscon^m  Hichwav  Commission. 

ft.  are  given  in  the  cut.  This  bridge  is  also  constructed  with  a  gas  pipe  fence  in  place  of  the  angle 
fence.  Estimated  quantities  of  steel  and  concrete  in  beamspansof  this  type  are  given  in  Table  II. 
The  depths  of  I-beams  for  different  spans  for  beam  spans  with  concrete  floors  designed  to 
carry  a  30-ton,  a  15-ton,  or  a  lo-ton  auto  truck  with  30  per  cent  impact  are  given  in  Table  III. 
The  minimum  weights  of  I-beams  are  to  be  used  in  each  case.  These  beam  s[>ans  were  designed 
for  a  dead  load  of  100  lb.  persq.  ft.  in  addition  to  the  concentrated  live  loads.  The  outside  beams 
are  to  be  the  same  as  the  intermediate  beams.    The  thiclcness  of  the  slabs  for  the  different  loadings 
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Steel  I-Bbau    Bridges.    Wisconsin  Higbway  Commission. 
Channels  on  outside.     Weight  includes  railing. 
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EsmiATED  Quantities  foe  Standard  Beam  Spans.     Iowa  Hichwat  Commission. 
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Standard  angle  railing  for  wing  walls  as  shown  in  Fig.  11. 
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are  given  in  Table  1  and  Table  II,  Chapter  X.  The  depths  o[  I-beams  for  different  spans  for 
beam  spans  with  planic  floors  designed  to  carry  a  3o-ton,  a  t5-Ion,  or  a  to-ton  auto  truck  with  30 
per  cent  impact  are  given  in  Table  IV.    The  minimum  weights  of  I'beams  are  to  be  used  in  each 


6'aaentt  5W .  BtOam  /'Mr  t^  e^jMls 


Qna^  FherS  lisxt,sl 


Fig.  4.    Standabd  Bbam  Bkidgb.    Iowa  Highway  Commission. 


case.     In  the  calculatioaB  it  was  assumed  that  one  stringer  carried  that  fraction  of  the  o 
trated  load  equal  to  the  fraction  found  by  dividing  the  stringer  spacing  by  6  (eet  for  c 
floors,  and  by  dividing  the  stringer  spacing  by  4  feet  for  plank  floors.     It  will  be  noted  that 
heavier  beams  are  required  for  short  spans  with  |dank  floors  than  with  concrete  floors. 
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TABLE  III. 

Dbi>tb  in  Inches  of  I-Beaus  for  Dipperbht  Spacihgs  and  Spans  RsQtrntm)  to  Cakkt  ao-ioK, 
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Details  o(  at&ndard  beam  spans  designed  by  the  Michigan  State  H^bway  Department  are 
given  in  Ftg.  6.  The  reinforced  concrete  floor  has  a  bituniinous  wearing  surface.  Data  and 
details  aie  given  in  the  cut. 

The  details  of  a  beam  bridge  with  a  concrete  floor  has  designed  to  comply  with  the  author's 
specifications  are  given  in  Fig.  7. 

Leg  Bridlges. — ^Beam  and  truss  bridges  are  aometimes  supported  on  steel  legs  in  the  place  of 
abutments.  A  steel  leg  beam  bridge  is  shown  in  Fig.  7,  Chapter  VIII.  The  legs  are  composed 
of  I-beams  supported  on  a  timber  or  a  steel  channel  mudsill.     The  backing  is  steel  plate,  or  plank. 
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Fig.  5.    Standard  Beau  Budge,     Iowa  Higewav  Cowhissiom. 

or  atone.  The  legs  should  be  designed  to  cany  the  thrust  of  the  Riling  in  addition  to  the  live 
and  dead  load  on  one-half  of  the  span.  (For  methods  of  calculation  of  thrust  due  to  the  earth 
filling,  see  Chapter  XIX,  and  also  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators,") 
Truss  leg  bridges  should  be  built  with  stiff  lower  chords  designed  to  take  the  thrust  due  to  the 
filling.    Leg  bridges,  unlew  very  carefully  designed  and  constructed,  are  not  to  be  recommended. 
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Dbsign  of  a  35  ft.  Spam  I-Beam  Bridge  with  Concbetb  Floos. 
I,  GraertI  DeKription. — This  bridge  is  to  consist  of  a  concrete  slab  reinrorced  on  the  lower 
aide  only,  resting  on  I-beanu  the  ends  of  which  bear  on  channel  wall  plates.    A  wearing  surface 
weighing  30  lb.  per  sq.  ft.  will  be  provided. 

3.  LOADS.— DMd  LomL — The  dead  load  conmsts  of  the  weight  of  the  reinforced  concrete 
slab  at  150  lb.  per  cu.  (t.,  the  weight  of  the  wearing  surface,  and  the  weight  of  the  beams. 

live  Load. — This  bridge  will  be  designed  for  Qass  Di  loading,  given  in  the  specifications, 
which  provides  for  a  a>ton  roncentrated  load  on  two  axles,  13  feet  apart  with  wheels  spaced  6 
feet  on  the  axles,  or  a  uniform  live  load  of  125  lb.  per  sq.  ft.  of  roadway. 

Impact. — An  allowance  of  30  per  cent  of  the  live  load  will  be  made  for  impact  on  the  slab 
and  beams. 

J.  Dimensions. — Span,  25  ft.  o  in.  c.  to  c.  of  end  supports.  Width  of  roadway,  16  ft.  o  in. 
Spacing  of  beams,  7  spaces  at  3  ft.  3  in. 

4.  Design  ol  SUb.—The  concentrated  load  of  30  tons  will  determine  the  slab.  The  width  of 
the  rear  wheels  is  c  —  30  in.  or  1.67  ft.  In  determining  the  bending  moment  the  effective  width 
of  the  slab  is  assumed  to  be 

fW  +  c)-  i(3.a5  +  1.67)  -  3.63  ft. 

where  e  —  effective  width  of  distribution  of  load  in  feet,  i  =  spacing  of  beam  in  feet.    The  wheel 
load  per  foot  width  of  slab  considering  30  per  cent  impact  is, 

P  —  1.30  X  14,000  +  2.63  =  7,000  lb. 

The  slab  will  be  reinforced  on  the  under  aide  only  so  must  be  considered  as  simply  supported. 
The  bending  moment,  per  foot  width  of  slab,  due  to  the  wheel  load  and  including  impact  is 

iii."  ix  7,000  X  1  X  3,35  -  }  X  7.000  X  }  X  0.83  =  3,485  ft.-ib. 

Assuming  a  6  in.  slab  and  a  wearing  surface  of  30  lb.  per  sq.  ft.  the  dead  load  bending  moment 
pet  foot  of  width  is 

Md  -  bfl'  -  i(75  +  30)  X  3.25'  -  67  ft.-lb. 
The  total  bending  moment  in  the  slab  per  foot  of  width  is 

It  -  3,485  +  67  -  2.552  ft.-lb.  =  30,630  in.-lb. 

For  the  unit  stresses  650  lb.  per  sq.  in.  in  concrete  and  16,000  lb.  per  sq.  in.  in  steel,  required  depth 
to  the  center  of  the  steel  is  (see  Chapter  XVIIl). 


^.--■^»V^-4«=" 


VIO7.; 

wheie  U  ~  bending  moment  in  Inch-pounds. 

d  —  depth  from  compressive  face  to  center  of  steel  in  inches. 

b  —  width  in  inches  over  which  M  is  distributed. 
A  stab  with  a  total  thickness  of  6  in.  and  a  depth  to  the  center  of  the  steel  of  if  »  5,0  in.  will  be 
used.    From  TaNe  1,  Chapter  X,  by  interpolation  the  slab  should  be  5}  in.,  which  checks  the 
calculattons.    The  area  of  steel  per  foot  of  width  required  to  develop  this  slab  is 

A  =  O.oo77b-d  -  0.0077  X  13  X  5.0  -  0.46  sq.  in. 

for  the  unit  streoses  given  in  the  specifications. 

Bars  i  in.  square  and  spaced  6  tn.  c.  to  c.  will  be  used  in  the  direction  perpendicular  to  the 
beams.    This  provides  an  area  of  0,50  sq.  in.  per  foot  of  width.    Two  bars  j  in,  square  will  be 
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used  between  adjacent  beania  in  a  direction  parallel  to  the  beam  to  provide  for  temperature 
changes  and  to  assist  in  the  distribution  of  the  loads. 

la  calculating  the  shear  in  the  slab  the  wheel  load  will  be  considered  as  distributed  over  a 
distance  of  3  ft.  parallel  to  the  joists.    The  shear  per  foot  of  width  is  then 

^  .  ..30  X^,,,»»  ^  1J|  ^  ,05^  .  3,,^  II, 
The  maximum  unit  shear  is 

/■ -sis  -  ■•■SRi  -  ■•"i^o-""'- ■»"■■"■ 

The  shear  is  punching  shear  and  it  is  not  necessary  to  calculate  the  bond  stress.    ■ 

5.  DBSIGH  OP  BEAMS.— The  beams  will  be  spaced  a  ft.  3  in.  as  given  in  S3  and  I4, 

and  the  beam  at  the  edges  of  the  roadway  will  be  the  same  size  as  the  intermediate  beams. 

The  portion  of  the  wheel  load  carried  by  one  joist  is  equal  to  the  spacing  of  joist  in  feet 

divided  by  six  feet,  or  3.25  -f-  6  —  0.375. 

The  load  carried  by  one  beam  under  the  rear  wheels,  and  including  30  per  cent  impact  is 

P  =  0.375  X  1.30  X  14,000  -  6,830  lb. 

and  under  the  front  wheels 

P'  =  0.375  X  1.30  X  6,000  =■  3,925  lb. 

The  position  of  the  wheels  on  the  beam  for  maximum  moment  is  shown  in  Fig.  7,  the  center 
of  gravity  of  the  two  wheels  being  as  far  from  one  end  of  the  beam  as  the  large  wheel  is  from 
the  other. 

P'c     ^    2,935  X  12 
"  P'  +  P      2,925  +  6,830  ■ 


jP"  +  f  )y      9.755  X  10.7- 
I  25 


3.60  ft. 
=  10.7  ft. 

-44,675  ft.-lb."  536,100  in 


The  bending  moment  due  to  the  uniform  live  load  of  135  lb.  per  sq.  ft.  of  roadway  and  indudiilg 
30  per  cent  impact  is 

Mi,-  iX  1.30  X  (125  X  a.as)  X  25'  -  28,660  ft.-lb. 

which  is  less  than  that  due, to  the  concentrated  load  so  need  not  be  considered. 
The  bending  moment  due  to  the  weight  of  the  slab  and  wearing  surface  is 

Ma  =  iiti-l'  =  i(ios  X  a.3S)  X  25»  -  18,450  ft.-lb.  =  221,400  in.-lb, 

Thebendingmoment  due  to  the  weight  of  the  beam,  whichisassumed  to  weigh42lb.  perft.,  is 

Jfo'  =  '"■''/S  =  i  X  43  X  25'  -  3,290  ft.-lb.  =  39,400  in.-Ib. 

The  total  bending  moment  in  the  beam  is 


.p^smib. 


pmi^.  ffl  ^:j ^        e    (t) 

■         K-----^--^;-".--— X       'k- l^A ^ 

(s>  (b)  (c) 

Fig.  7. 
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6  DESIGN  OF  BEAM  HIGHWAY   BRIDGES. 

M  =  sa^t'oo  +  aai^oo  +  391400  "  796i90o  in.-lb. 
The  required  section  modulua  is 

M  _  796.900 
J-     "      " 


■^■'=T  =  '^:^  =  49.8i.'. 


A  15  in.  1  @  43  lb.  provides  a  section  modulus  o[  58.9  in.'  and  will  be  used.     The  ratio  of 
depth  to  span  is  15  +  (»S  X  I»)  =  l/ao.     Specifications  permit  a  ratio  ot  1/30. 

The  maximum  shear  due  to  the  30  ton  concentrated  load  occurs  when  the  wheels  are  located 
as  shown  in  (c)  Fig.  7  and  is 

Vl  -  6,830  +  '-^f  -^  -  8.350  lb. 

shear  due  to  the  uniform  load  ol  125  lb.  per  sq.  It.  of  roadway  and  ii 

Fx.  -  iw-l  -  i(i.30  X  las  X  a.a5)25  =  4,580  lb. 


Vd  -  J*-/  =  i(io5  X  2.35  +  42)25  =  3.480  lb. 

The  total  shear  on  a  beam  is  then 

V  -  8,350  +  3480  =  11,830  lb. 

The  area  of  the  web  of  a  15  in.  f  @  43  lb.  is  15  X  0.41  ■•  6.15  sq.  in.,  and  tbe  actual  unit 
shear  on  the  gross  area  of  the  web  is 

11,830  +  6.15  =  1,940  lb.  per  sq.  in. 
The  allowable  shear  Is  10,000  lb.  per  sq.  in. 

6.  Detail  Drawings. — The  detail  drawings  of  this  bridge  are  shown  in  Fig.  8. 
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CHAPTER  XII. 

Design  of  Plate  Girder  Highway  Bridges. 

IntroducdoiL^A  plate  girder  consists  of  a  vertical  steel  or  iron  web  plate  to  whose  top  and 
bottom  edges  are  riveted  horizontal  pairs  of  angles  to  form  flanges,  and  to  whose  ends  are  attached 
vertical  angles  which  transmit  the  load  to  the  supports.  Where  the  web  plate  is  thin  as  compared 
with  its  depth,  stilTener  angles  are  riveted  on  opposite  sides  of  the  web,  usually  in  pairs,  at  intervals 
not  greater  than  the  depth  of  the  girder,  or  five  feet.  Where  the  span  is  long,  two  or  more  plates 
are  spliced  together  to  form  the  web  [dates  and  horizontal  plates  are  riveted  to  the  flange  angles 
e  the  flange  area. 


Fig.  1.     Railway  Deck  Plate  Gikdek  Bridge. 


A  plate  girder  bridge  consists  of  two  or  more,  usually  two,  plate  girders  fastened  together  by 
lateral  bracing,  and  in  the  case  of  deck  bridges  by  transverse  bracing  consisting  of  two  or.  more 
cross-frames.  In  the  railway  deck  plate  girder  bridge.  Fig.  I,  the  roadway  is  carried  directly  on 
the  tops  of  the  girders.  In  a  through  plate  girder  bridge  the  roadway  is  carried  on  .1  Boor  system 
supported  near  the  bottoms  of  the  plate  girders.    A  through  j^te  girder  railroad  bridge  is  shown 
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158  DESIGN  OF  PLATE  GIRDER  HIGHWAY  BRIDGES.  Chap.  XII. 

in  Fig.  3,  while  a  through  plate  girder  highway  bridge  ia  shown  in  Fig.  3.  As  a  through  plate 
prder  bridge  can  have  only  a  lower  lateral  Bystem,  the  upper  flanges  are  braced  by  Mde  bfacea 
with  gusset  plat 


Fig. 


Railway  Through  Plate  Cikder  Bridge. 


Short  spans  up  to  70  or  80  feet  have  one  end  fixed  while  the  other  end  is  allowed  to  move  on 
a  sliding  plate.     For  greater  lengths  of  span  the  expansion  end  is  supported  on  nests  of  rollers. 

The  ordinary  limit  of  plate  girder  spans  is  about  100  feet,  although  railroad  plate  girders 
having  a  span  of  126  feet  have  been  built.  Plate  girders  of  more  than  100  feet  span  have  a  depth 
that  makes  transportation  by  rail  very  difficult. 

Thickness  of  Web. — Standard  specifications  limit  the  minimum  thickness  of  the  web  plates 
to  t  inch  for  railroad  bridges  and  A  'nt^h  for  highway  bridges.  For  heavy  loads  and  long  spans 
the  web  plates  are  made  much  thicker  than  the  minimum  thickness.  Thin  webs  require  more 
Btiffeners  and  give  a  much  shorter  life  to  the  bridge. 

Flang^. — 'The  simplest  form  of  a.  flange  consists  of  a  pair  of  unequal-le^ed  angles  with 
the  long  legs  placed  out  and  riveted  to  the  web  plate.  When  additional  rivets  are  required  in  the 
connection  of  the  flanges  to  the  web  plate,  equal-legged  angles  with  two  rows  of  rivets  are  used. 
When  additional  area  is  required,  one  or  more  cover  plates  are  usually  riveted  to  the  horistntal 
legs  of  the  angles.  The  thickness  of  the  flanges  should  be  limited  so  that  the  rivets  will  not 
be  longer  than  five  times  the  diameter  of  the  rivet.  Flange  angles  should  never  be  thinner  than 
the  web  plates  to  which  they  are  fastened.  Where  more  than  one  plate  is  used,  one  plate  should 
extend  the  full  length  ot  the  girder,  the  others  being  continued  a  short  distance  (not  less  than 
one  foot)  beyond  the  point  where  the  area  is  required.  For  steam  or  electric  railway  plate  girder 
bridges  the  rivet  heads  and  the  variation  in  the  thi<:1<:ness  of  the  flange  plates  makes  it  necessary 
to  notch  the  cross-ties  unequally,  so  that  other  forms  of  flange  are  sometimes  used  for  the  upper 
flanges  of  long  girders.  It  is  quite  the  common  practice  to  design  the  tension,  or  bottom,  flange 
to  take  the  stresses  and  then  make  the  compression,  or   upper,  flange  with  the  same   grtMS 
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MOMENTS  AND  SHEARS. 


'^EndStrui-ta'C'IS.lS* 
fia/ffnd/fhK 


(American  Budge 


Homentl  and  Shears. — The  moments  and  the  shearB  in  through  plate  girder  bridges,  as  in 
Ftg.  3  and  Fig.  3>  are  found  in  the  panels  in  the  aame  manner  aa  for  a  tniaa.  In  a  deck  bridge 
the  moments  and  the  shears  are  calculated  in  a  umilar  manner,  at  intervab.  The  load  on  the 
girder  produces  shearing  stresses  in  the  girder,  which  in  turn  develop  tensile  and  compressive 
stresses.  In  a  solid  rolled  beam  the  entire  section  carries  both  shear  and  bending  moment.  In 
plate  girders  it  is  usual  to  aaaume  that  all  the  shear  is  carried  by  the  web  and  that  all  the  bending 
moment  is  taken  by  the  flanges. 

NometuJature. — The  following  nomenclature  will  be  used. 

M    —  resisting  moment  of  section. 

V     "  vertical  shear  at  section. 

/      ••  allowaUe  unit  fiber  stress. 

/      <>  moment  of  inertia  of  gross  section. 

r     —  moment  of  inertia  of  net  section. 

of  inertia  of  groas  section  of  web  plate, 
of  inertia  of  net  section  of  web  plate, 
a  of  one  flange. 
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160  DESIGN  OF   PLATE  GIRDER  HIGHWAY  BRIDGES.  Chap.  XII. 

Af,'  V  net  area  of  tension  flange. 
A^   «  gross  area  of  web. 
.   A       ~  distance  between  centers  of  gravity  of  flanges. 
W     —  distance  between  gage  lines  of  rivets  in  tension  and  compreMion  flanges. 
A       -  distance  back  to  back  of  angles  in  flanges. 
e       '^  distance  from  neutral  axis  to  eictreme  fiber. 
p      ^  pitch  of  rivets  in  flanges, 
r       »  allowable  resistance  of  one  rivet. 
w      =  concentrated  load  per  unit  length  of  rail  ~  PH  where  P  ^  concentrated  load  and 

/  •=  distance  over  which  the  load,  P,  is  considered  as  distributed. 
3n    ~  number  of  rivets  on  one  side  of  web  splice. 

RaisUng  Moment. — There  are  four  methods  now  in  use  for  determining  the  resisting  roomectt 
of  3  plate  girder  section. 

(i)  Aasumii^  that  all  the  bending  moment  is  carried  by  the  flanges, 

M  -  A/fh  (I) 

(3)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area. 
Then  the  total  resisting  moment  of  the  girder  is 

it  ~Ar-f-h+ftl^l6  (2) 

-  Affk  +  A.-f.kl6  (3) 

-  (Ar  +  AJ6)fh  {4) 
This  shows  that  approximately  one-sixth  of  the  web  is  available  as  flange  area.    On  account 

of  the  reduction  of  the  area  due  to  rivet  holes,  one-eighth  of  the  area  of  the  web  is  commonly 
taken  as  available  as  flange  area  wherever  this  method  is  used. 

M-(,Af-  +  iA.)-f-h  (s) 

(3)  By  moment  of  Inertia  of  net  section, 

U.i£  (6) 

(4)  By  moment  of  inertia  of  gross  section  (used  by  American  Bridge  Co.  for  plate  prderm 
for  buildings), 

M.ti  „, 

Rivttt  in  Flaitget  Which  id  not  Cany  Concentrated  Loads. 

(i)  Assuming  that  all  bending  moment  is  carried  by  flanges. 

The  loads  produce  shearing  stresses  in  the  web,  which  are  transferred  to  the  flanges  by  means 

of  rivets  in  the  flanges.     In  (c)  Fig.  4  let  ^  be  the  f»tch  of  the  flange  rivets,  V  be  the  vertical 

shear  at  section,  W  be  the  distance  between  lines  of  rivets  in  compression  and  tension  flange,  and 

r  be  the  allowaUe  resistance  of  a  rivet;  then  taking  momenta  about  the  lower  right  hand  rivet, 

V-p  -  T-V 

(3)  Aaaumlag  that  one^ghth  the  grota  area  of  web  ia  available  aa  flange  area, 

xy  +  M.    r-V 

f jy— X—  (»> 

(3)  By  moment  of  inertia  of  net  section, 
and 

f-vsh  <") 
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STRESSES   IN   PLATE  GIRDERS. 
(4)  By  moment  of  inertia  of  grow  BectioD, 


Rivels  in  Flanges  Carrying  Conctntrattd  Loads. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges. 


Fig.  4.    Web  Splice  for  Platb  Girder,  Fig.  5.    Web  Splice  for  Plate  Girdeb. 

(3)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flai^  9rea, 

(3)  By  moment  of  inertia  of  net  section, 

(4)  By  moment  of  inertia  of  gross  section, 


Ristls  CanaeeUng  Omtr  Plales  to  Flanf/t  Angles. 

(■)  and  (3).    Assuming  that  all  the  bending  moment  is  carried  by  the  flanges,  cm-  that  one- 
«^th  the  gross  area  of  the  web  is  available  as  flange  area, 

where   n  =  number  of  rivets  on  one  tranaveree  line. 

r  ~  value  of  one  rivet  in  mngle  shear  or  bearing. 
d  "  distance  back  to  back  of  angles. 
A,'  =•  total  net  area  of  cover  plates  in  one  flange. 
(3)  By  moment  of  inertia  of  net  section, 

3»-/'t  ,    . 

<■  -  v:a7^.  <"> 

where  A,'  m  total  net  area  of  cover  ptates  in  one  fionge. 
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2  DESIGN  OF  PLATE  GIRDER  HIGHWAY  BRIDGES.  Chap.  XEI 

h,  ^  distance  between  centroids  o(  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  Qange. 
(4)  By  moment  o(  inertia  of  grosa  section. 


r  plates  in  tension  Bange  and  all  cover  plates 

Web  Splice. — An  ordinary  web  splice  b  shown  in  Pig.  4.  Where  splice  plates  are  designed 
to  carry  part  of  the  moment  as  well  aa  the  shear  the  splice  shown  in  Fig.  5  is  sometimes  used. 
Plates  AB  and  A'B'  are  assumed  to  transfer  that  part  of  the  moment  carried  by  the  web,  and 
plate  CD  to  transfer  the  shear.  Two  lines  o!  rivets  should  be  used  in  each  section  of  the  web 
spliced.  The  number  and  spacing  of  rivets  in  a  web  splice  can  be  determined  only  by  trial, 
except  when  the  first  method  for  proportioning  the  section  is  used.  The  rivet  most  remote  from 
the  neutral  axis  is  the  most  severely  stressed. 

(1)  Assuming  that  all  tbe  bending  moment  is  carried  by  the  flanges, 

V  V 

f  —  — ,        and        a»  "  —  {19) 

(3)  Assuming;  that  one-eighth  the  area  of  web  is  available  as  flange  area.    The  stress  in  the 
is  given  by  the  formula,  where  W  is  moment  carried  by  web. 


if  net  section.    The  stress  in  the  outermost  rivet  is  given  by  the 


gross  section.    The  stress  in  the  outermost  rivet  is  given  by  the 

Flange  Splice. — Flanges  should  never  be  spliced  unless  it  is  imposBible  to  get  material  of 
the  required  length.  Flange  sfdices  should  always  be  located  at  points  where  there  is  an  excess 
of  flange  section,  no  two  parts  of  the  Range  should  be  spliced  within  two  feet  of  each  other.  Rivets 
in  splice  plates  and  angles  should  be  located  as  close  together  as  possible  in  order  that  the  transfer 
may  take  place  in  a  short  distance.  No  allowance  should  be  made  for  abutting  edges  of  sf^ced 
members  of  the  compression  flange. 

Flange  angles  should  be  spliced  with  a  splice  angle  of  equal  section  riveted  to  both  legs  of 
the  angle  spliced.  Where  this  is  impossible  the  largest  posable  splice  angle  should  be  used  and  the 
dilTerence  made  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle.  The  number  of 
rivets  required  in  the  splice  angle  on  each  side  of  the  joint  in  the  angle  is  given  by  tbe  formuh 

--'-^  M 

where/  «  the  allowable  unit  stress  in  the  flange,  A  —  area  of  spliced  angle,  and  r  —  the  allowaUe 
stress  on  one  rivet.  Rivets  which  are  already  conudered  as  transferring  the  shear  may  be  con- 
sidered as  splice  rivets  If  they  are  included  in  the  splice  angle. 

Cover  plates  should  be  spliced  with  a  splice  plate  of  equal  section.    The  number  of  rivets 
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required  in  the  Bpltce  plate  on  each  side  o(  the  joint  is  determined  l>y  the  above  [ormula  iE  the  pJates 
are  in  direct  contact  in  the  same  way  ae  for  splice  angles.  Where  one  or  more  plates  intervene 
between  the  splice  plate  and  cover  plate  which  it  splices,  rivets  should  be  used  on  each  side  of  the 
joint  in  etcess  of  the  number  required  in  case  of  direct  contact,  to  an  extent  of  one-third  that 
number  for  each  intervening  plate. 

The  above  methods  for  flange  splicing  apply  only  when  methods  (i)  and  (3)  of  proportioning 
secticws  are  used,  but  may  be  used  with  sufficient  accuracy  when  methods  (3)  and  (4)  are  used. 
Strictly  speaking  for  methods  (3)  and  (4)  splice  angles  and  plates  should  have  moments  o(  inertia 
about  the  neutral  axis,  equal  to  the  moments  of  inertia  of  the  members  they  splice,  about  the 
neutral  axis.  An  exact  analysis  for  the  number  of  rivets  required  in  splices  would  give  a  lesa 
number  than  obtained  from  above  formula. 


DtoaShtar- 


Fig.  6.    Sueaks  and  Moments  in  a  Railway  Plate  Gikdbs. 

Dnlgn  of  Web  Stlffeiwra. — Web  stifFenera  are  used  to  prevent  the  buckling  of  the  web  |^te, 
and  are  usually  spaced  somewhat  less  than  the  depth  of  the  girder.  There  is  no  rational  method 
for  the  dewgn  of  stiffener  angles.  Tests  show  that  the  stiffencr  acts  as  a  beam  to  prevent  buckling 
of  the  web  and  is  not  appreciabty  stressed  in  the  direction  of  its  length,  except  where  it  is  uaed 
at  points  of  concentrated  loading.  A  common  specification  is  ihat  "The  distance  between 
stiffeners  shall  not  exceed  that  given  by  the  following  formula  (and  not  greater  than  the  clear 
depth  of  the  web);  d  =  l(i3,ooo—  j)/40,  where  d  ■=  clear  distance  between  stiffeners  of  flange 
angles,  t  —  thickness  of  web,  s  ■>  shear  lb.  per  sq.  in.    Where  stiffeners  are  required  they  shall 
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be  designed  as  columns  with  an  allowable  unit  stress  of  P  =  16,000  —  70i/r,  where  (  -  the  one- 
half  the  depth  ol  girder  and  r  =  the  radius  of  gyration  of  the  sliffener  angles  at  right  angles 
to  the  web  plate,  both  in  inches."  "Stiflenera  shall  be  provided  at  ends  and  at  all  points  of 
concentrated  loading,  and  shall  contain  enough  rivets  to  transfer  the  vertical  shear  to  the  web 
plate." 

Camber. — Plate  girders  are  cambered  by  separating  the  web  plates  by  the  required  amount, 
in  the  upper  part  of  the  web  splice.  Plate  girders  in  which  a  single  web  plate  is  uaed  without  a 
splice  cannot  be  cambered.     Many  engineers  do  not  camber  plate  girders. 


I&ikplfr^4'itrtip3cmq--'-^ S'  nVetsf. 
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Oeneral  Notes  "coDnK,. 
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lap  rwifertinq  bar)  SOdam.  Allrirtti  i'iit  damrter. 


LOADine 
DiAO:  l»iq/ttef  bridge  compMe. 
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Plate  OirdcrBridoe 

Concrete  Floor 
SO'-CO.TOO.    l6'-0'RmmAY 

WhcmsinHigtmdyCe/smi55i0n. 


Fig.  7.    Plate  Girdeb  Highway  Bridge.     Wisconsin  Highway  Couhission. 

Economical  Depth. — Plate  girders  are  commonly  made  with  a  depth  of  from  1  to  1^  of  tfae 
■pan.  An  approximate  empirical  rule  for  the  depth  is  to  make  the  area  of  the  two  flanges  equal 
to  the  area  of  the  web  plate. 

ExBinpIe  of  Calculation. — The  maximum  shears  and  momenta  in  an  86.foot  span  deck  plate 
girder  railway  bridge  are  shown  in  I'ig.  6.  The  shear  at  any  point  may  be  found  by  scaling  from 
the  shear  curve  to  the  horizontal  base  line,  while  the  moments  may  be  obtained  by  scaling  fnMn 
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t  curve  to  the  base  line.  The  compcksition  of  the  flanges  and  the  length  of  the  plates 
are  ghown.  The  maximum  shears  and  bending  momenta  were  calculated  at  intervals  of  about  7 
feet,  and  the  curves  were  drawn  through  these  points. 

Details  of  PUte  Girders. — ^The  general  plans  for  an  8o-foot  through  plate  girder  highway 
bridge  are  shown  in  Fig.  3.  The  roadway  is  30  feet  in  the  clear,  with  two  6i-ft.  sidewalks.  The 
floor  of  the  roadway  consists  of  a  6-in.  reinforced  concrete  slab  carried  on  i3-inch  1  beam  joists, 
covered  with  a  wearing  surface  of  paving  brick. 

Details  of  a  steel  through  plate  girder  highway  bridge  as  designed  by  the  Wisconsin  Highway 
Commission  are  shown  in  Fig.  7.  Standard  plans  have  been  prepared  for  spans  from  35  ft.  to 
So  ft.,  varying  by  5  ft.  intervals,  and  for  16  ft.,  18  ft.  and  30  ft.  roadway.  Data  for  plate  girder 
highway  bridges  designed  by  the  Wisconsin  Highway  Commisuon  are  given  in  Table  1. 


H 
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Floor  Plan  and  Blenltoii. 

Fig.  8.     Details  of  109-FT.  Plate  Girdbk  Highway  Bbidce. 
(Engineering  Record,  May  ai,  1910.) 

Details  of  a  log-ft.  span  through  plate  girder  highway  bridge  built  over  the  D.  L.  &  W.  R.  R. 
tracks  in  Jersey  City,  N.  J.,  are  given  in  Fig.  8  and  Fig.  9.  The  girders  were  designed  for  a  live 
load  of  108  lb.  per  sq.  ft.  on  roadway  and  sidewalk;  while  the  roadway  floor  was  designed  for  a 
live  load  of  too  lb.  per  sq.  ft.  and  two  13,000  lb.  axle  loads  spaced  id  ft.  apart  with  an  allowance 
of  35  per  cent  for  impact.  The  expansion  end  is  carried  on  4  in.  rollers.  The  concrete  has  a 
minimum  thickness  of  4  in,  and  is  covered  with  i }  in.  of  binder  and  3  in.  of  asphalt.  Each  main 
girder  weighed  113,000  lb.;  and  the  total  weight  of  steel  in  the  bridge  was  about  403,000  U). 

The  detailed  shop  plans  o(  a  65-(t.  deck  plate  girder  electric  railway  badge  are  shown  in 
Fig.  10.  This  girder  span  was  designed  according  to  Cooper's  1901  Specifications  (or  Ei  loading. 
The  ties  were  carried  directly  on  the  top  flanges  of  the  girders.  These  details  represent  good 
practice  in  light  plate  girder  construction.  It  will  be  noted  that  the  stifFener  angles  are  crimped 
to  go  over  the  flange  angles  except  where  two  hitch  stiffener  angles  are  used  for  cross-frame  con- 
nections, in  which  case  fillers  are  used.    The  ties  were  fastened  to  the  upper  flange  angles  by 
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TABLE  L 
Stesl  Plate  Girder  Highway  Spams 
Wisconsin  Hichwav  Couuission. 


^ 

i«  Ft.  R 

>.dw.y. 

»  F..  R<«d*.,.                  1 

W.b.  In. 

Wii^l  U  5lc«l. 

W,b.  In. 

W^U^^SU-. 

Wtb,  Id. 

"-^L?^'- 

35 

60X  A 

IS.430 

6oX  A 

16,150 

60X  A 

18,480 

40 

60X  A 

17,160 

11,100 

6oxS 

19.680 

toX  A 

60X  A 

i7,j6o 

60X  A 

14,170 

30.790 

feX  A 

6oX  A 

60X  A 

fts 

j8,8^o 
45.960 

70 

66xS 

36,300 

39.680 

66X| 

7*X 

7axi 

7»xi 

78X 

48.360 

78x1 

56,160 

18  ft.  Roadway.         21 

ft.  Roadway. 

Concrete,  per  tJoeil  foot 

ReioforcLng  Steel,  per  lineal  foot 

3Slb- 

38  lb. 

45  lb. 

means  of  hook  bolts  in  every  third  tie,  while  the  6  X  S  inch  guards  were  bolted  to  the  ties.  The 
upper  and  lower  laterals  are  of  the  Warren  type  and  are  made  of  single  angles.  Four  intermediate 
and  two  end  cross-frames  arc  used.  This  bridge  was  designed  by  the  author  and  was  fabricated 
by  the  American  Bridge  Company. 

Design  of  a  50-FT.  Span  Thsoccb  Plate  Girder  Bridge. 

1.  General  Descriptioil  of  Bridge. — This  is  to  be  a  50  ft.  through  plate  girder  bridge  with 
an  18  ft.  roadway.  The  floor  is  to  consist  of  a  reinforced  concrete  door  slab  resting  directly  on 
closely  spaced  floorbeams,  no  stringers  being  used.  A  wearing  surface  weighing  30  lb.  per  sq.  ft. 
of  roadway  is  used.  The  bridge  will  be  designed  to  comply  with  the  General  Specifications  for 
Steel  Highway  Bridges  given  in  Appendix  I,  to  which  reference  will  be  made. 

2.  LOADS.  Desd  Load. — The  dead  load  conmsts  of  the  weight  of  the  girders,  floorbeams, 
floor  slab,  and  wearing  suKace.     Reinforced  concrete  is  assumed  to  weigh  150  lb.  per  cu.  ft. 

lire  Load. — This  bridge  will  be  designed  for  Class  Di  loading  which  provides  for  a  15- 
ton  concentrated  load  or  a  uniform  load  of  100  lb.  per  sq.  ft.  of  roadway  for  the  floor  and  its  sup- 
ports. The  live  load  for  the  girders  is  given  in  Table  1  of  the  spccificatioiis  as  90  lb.  per  sq.  ft. 
of  roadway  for  a  span  of  50  feet. 

hofML — The  specifications  provide  for  an  allowance  for  impact  of  30  per  cent  of  the  live 
load  for  the  Boor  and  its  supports  and  of 

ioo/(i  +  300)  -  100/349  -  "8.7  per  cent 
for  the  girders  assuming  distance  center  to  center  of  bearings  as  49  ft. 

Wind  Load. — The  wind  load  will  have  no  appreciable  effect  on  a  plate  girder  span  of  this  type. 
The  lateral  I>racing  is  omitted  on  account  of  the  rigidity  of  the  concrete  floor. 

3.  General  mmearions. — Span  go'  o"  out  to  out  or  about  49'  o"  center  to  center  of  end 
bearings. 

Width  of  roadway,  18'  o". 

Spacing  of  girders,  18'  10"  about,  center  to  center. 

Depth  of  girder  (  (53)  must  be  at  least  ]V  X  50  X  13  -  50  in.  A  depth  of  54i  i"-  ^'^^  *<> 
back  of  flange  angles  will  be  used. 

Rivets  1  in.  in  diameter  will  be  used  througJHMit  the  bric^. 
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4.  Detailed  DimensioiiB. — Gusset  plates  will  be  used  to  provide  lateral  support  for  the 
girders  ({  6).  These  plates  must  come  at  the  floorbeams  and  should  be  connected  to  the  stiffeners 
if  stiffeners  are  used  so  that  additional  connections  will  not  have  to  be  provided.  If  the  thickness 
of  the  web  plate  ia  less  than  ^  of  its  unsupported  width,  or  1^  X  about  50  —  0.83  in.  stUTeners 
must  be  used  ({  50).  The  thickness  of  the  web  plate,  if  stiffeners  are  used  can  be  as  small  as 
50  +  160  <■  A  in-  This  is  the  minimum  thickness  which  should  be  used  for  highway  bridges 
and  will  be  adopted  for  this  short  span,  so  stiffeners  will  be  required.  The  spacing  of  stiffeners 
should  not  exceed  the  clear  depth  of  the  web  or  about  50  in.  ($  51).  If  stiffeners  are  placed  at 
every  floorbeam  the  spacing  of  floorbeams  would  be  50  inches  or  less,  and  at  alternate  floorbeams 
35  inches  or  less.  Calculation  should  be  made  to  determine  the  most  economical  arrangement, 
A  spacing  of  4  feet  with  stiffeners  at  every  floorbeam  was  found  to  be  the  most  economical  for 
this  case.    Gusset  plates  will  be  placed  at  alternate  floorbeams  or  S'  o"  apart. 

5.  DESIGN  OF  SLAB.— The  concentrated  load  of  15  tons  will  determine  the  slab.  In 
calculating  the  bending  moment  in  the  slab  a  wheel  load  will  be  considered  as  distributed  on  a 
line  parallel  to  the  floorbeam  and  having  a  length  as  given  by  the  formula  (38),  Chapter  IX. 

with  a  maximum  of  6  ft. 

where  e  —  effective  width  of  distribution  of  load  in  feet, 

I  —  spacing  of  floorbeams  in  feet, 

c  —  width  of  wheel  in  feet  -  15  in.  or  1.35  ft. 
For(  —  4.0  ft.,  e  -  i  X4  +  1.25  -  3.93  ft.    The  wheel  load  per  foot  of  width  of  ^b,  including 
30  per  cent  impact  is 

P  -  1.30  X  10,000  +  3.91  -  3,320  lb. 

The  slab  will  be  reinforced  on  both  sides  so  the  intermediate  spans  may  be  considered  as  con- 
tinuous and  the  end  spans  as  partially  continuous.  Since  it  is  undesirable  to  change  the  thickness 
of  the  slab  for  the  intermediate  panels  all  slatts  will  be  made  of  the  dimensions  required  for  the 
end  spans.  Considering  the  slab  to  be  simply  supported,  the  bending  moment  due  to  live  load 
and  impact  is 

Mi,  -  iPl  -  1  X  3,320  X  40  -  3.320  ft-lb.  per  ft.  width. 

For  a  partially  continuous  slab  the  negative  bending  moment  at  the  support  and  the  maximum 
positive  moment  are 

^t  =  i  X  3,320  -  2,650  ft.-lb.  per  ft.  width. 

Assuminga6tn.slab  with  a  wearing  surface  of  301b.  persq.  ft.  the  total  dead  load  is  75  +  30  —  105 
lb.  per  sq.  ft.,  and  conudering  the  slab  simply  supported  the  bending  moment  ia 

Mr,  -  iwP  -  i  X  105  X  4*  =  aio  ft.-lb. 
and  for  a  partially  continuous  slab 

Mo-tXiio-  i7ott.-Ib. 
The  total  bending  moment  per  foot  width  of  slab  is 

M  -  2,650  +  170  -  2,820  ft.-lb.  -  33,800  in.-lb. 

For  the  unit  stresses  given  in  the  specifications  the  required  depth  to  the  center  of  the  steel  from 
formula  (6c),  Chapter  XVIII  is 

d  =  0.0965^1- 0.0965  V^  =  5-.2  in. 

where  M  -^  bending  moment  in  inch-pounds. 

d  =  depth  from  compressive  face  to  center  of  steel. 
b  —  width  in  inches  over  which  M  is  distributed. 


D.qitizeabyG00<^lc 


DESIGN  OF  A  PLATE  GIRDER  BRIDGE.  169 

A  slab  with  a.  total  thickness  of  6.35  in.  and  3  depth  to  the  center  of  the  steel  ol  d  ^  5.35  in. 
will  be  used.    The  area  □(  Bteel  per  foot  width,  required  to  develop  this  slab  is 

A  "  o.oojjb-d  =  0.0077  X  "  X  5-*5  "  t>.49Bq.  in. 

for  the  unit  stresses  given  in  the  specifications.  Bars  )  in.  square  spaced  6  in.  c.  to  c.  will  be  used 
in  the  direction  perpendicular  to  the  floorbeams  at  both  top  and  bottom  of  the  slab.  These  bars 
provide  an  area  of  0.50  sq.  in.  per  foot  of  width.  Three  )  in.  square  bars  will  be  used  between 
adjacent  floor  beams  at  the  bottom  of  the  slab  in  the  direction  parallel  to  the  fioorbeams  and  one 
at  each  floorbeam  at  the  top  of  the  slab  to  provide  for  temperature  changes  and  to  asmat  in  the 
distribution  of  the  load. 

In  calculating  shear  and  bond  stress  the  maximum  end  shear  is  distributed  over  a  width  of 
three  feet. 

The  maximum  shear  in  the  slab  is 

V-P  +  i«r-i  -  ■  30  x^  10,000  +  1  X  108  X  4  -  4-550  lb. 

The  maximum  unit  shear  is 

^'  ~  H^~ 

The  shear  is  punching  shear  and  it  is  not  necessary  to  calculate  bond  stress. 

The  thickness  of  slab  from  Table  II,  Chapter  X,  is  6.35  in. 

6.  DESIGN  OF  FLOORBBAHS.— As  previously  noted  the  floorbeams  will  be  spaced 
4'  o"  centers,  the  end  floorbeams  being  of  the  same  section  as  the  intermediate  floorbeams.  In 
determining  the  amount  of  the  axle  load  carried  by  one  floorbeam  the  load  may  be  considered  as 
distributed  over  a  distance  oE  13  ft.  parallel  to  the  axle.  The  percentage  of  the  axle  load  carried 
by  one  floorbeam  is  equal  to  the  spacing  divided  by  6  (i  19).  The  load  carried  by  one  floorbeam 
and  including  30  per  cent  impact  is 

i  X  1.30  X  30,000  =  17,300  lb. 
The  live  load  bending  moment  in  the  floorbeam  is,  from  (a)  Fig.  11, 


I   I7500lb.\ 


a^->\ 


,K-/J-?/-->f 


\<---/3.S5'---->\  |<-  -  -  -/d. 8S'---->\  |<-  ■  -  -/ft SS'--->\ 

(3)  (b)  (C) 


Jtfi;  -  i  X  17,300  X  i  X  18.83  -  i  X  17.300  X  J  X  6  -  ss.fioo  ft.-lb. 

The  dead  load  due  to  the  weight  of  the  slab  and  wearing  surface  is  4  X  108  X  18  >  7,780  lb. 
distributed  over  18  ft.  of  the  floorbeam.  The  dead  load  bending  moment  due  to  the  weight  of 
the  slab  is,  from  (b)  Fig.  1 1 

Wz>  -  i  X  7,780  X  i  X  18.83  -  i  X  7.780  X  1  X  9  -  19.100  ft.-lb. 

Assuming  the  weight  of  the  floorbeam  to  be  43  lb.  per  foot,  the  bendingmomcnt  due  tothis  load  is 

Ud'  -  J  X  43  X  18.83'  =  1.860  ft.-Ib. 
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The  total  bending  moment  in  the  Aoorbeam  is 

M  =  55.600  +  19,100  +  1,860  =  76,560  ft.-Ib.  =  919,000  in.-lb. 
The  required  section  modulus  is 

„     M  _  919,000 

S.J-  ~    -- 

A  15  in.  I  (@)  42  lb.  provides  a  section  modulus  of  58.9  in',  and  will  be  used. 
The  live  load  end  shear  including  30  per  cent  impact  and  considering  the  clearaiice  line  of  the 
load  as  at  the  edge  of  the  roadwaf  is  from  (c)  Fig.  11. 

Vj,  -  17.300  X  13.41  +  18.83  -  ia.3oolb. 
The  dead  load  end  shear  is 

VD-\y.  7.780  +  1  X  43  X  18.83  =  4.»90  lb. 
The  total  end  shear  is 

V  —  12,300  +  4,290  -  16,590  lb. 

The  unit  shear  on  the  web  of  the  floorbeam  ia  16,590  -^  15  X  0.41  —  3,700  lb.  per  sq.  in. 
Allowable  unit  shear  =  10,000  lb.  per  sq.  in.  (J  40). 

The  number  of  1  in.  field  rivets  required  between  the  connection  angles  of  the  flocn'beam  and 
the  web  of  the  girder  is  16,590  -^  4,420  =  4  rivets,  and  the  number  of  i  in.  shop  rivets  required 
between  the  connection  ajtgles  and  the  web  of  the  Aoorbeam  is 

16,590  +  (24,000  X  0.75  X  0.41)  =  3  rivets. 

7.  STRESSES  in  OIRDERS.— The  girder  section  will  be  made  uniform  througjiout  the 
entire  length  for  there  is  no  economy  in  varying  the  light  section  which  will  be  required  for  this 
load  and  span.  A  cover  plate  will  be  used  on  the  top  Range  for  the  fuU  length  of  span  to  keep 
out  water  and  to  improve  the  appearance  of  the  girder.  No  cover  jAate  will  be  used  on  the 
bottom  flange  unless  the  bending  moment  malces  it  advisable  to  use  that  type  of  arction. 

All  loads  will  be  considered  as  uniformly  distributed  in  calculating  the  streves  in  the  girder, 
instead  of  concentrating  the  floor  loads  at  the  floorbeam  points. 

The  total  dead  load  for  the  bridge  is  found  as  follows: 

13  Floorbeams,  13  X  42  lb.  X  18.8  -    10,250  lb. 

Slab  and  wearing  surface,  105  X  18  X  50  ■-    94.5oo  " 
Girders  assumed,  16.OQO   " 


Total  dead  load  for  ent 

ire  span 

-' 

r  20,750  lb. 

The  dead  load  bending  momt 

mt  at  the  cente 

r  for  one 

;  girder 

is 

Md  = 

iWDl  -  i  X 

120.7SO  , 

X49- 

370,000  ft.-lb. 

The  dead  load  end  shear  for  < 

one  girder  is 

Vb  -  iWD  - 

.  120,750 

-30,» 

DO  lb. 

The  live  load  on  the  entire  span  and  including  28.7  per  cent  i  mpact  is, 

1.287  X  90  X  18  X  50  -  104,200  lb. 
The  live  load  bending  moment  at  the  center  fen-  one  girder  is 

Ml  =  iWfi  -  t  X  -?*^  X  49  =  320,000  ft.-lb. 
The  live  load  end  shear  for  one  girder  is, 
Vt  • 
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The  total  bending  moment  at  the  center  for  on 
M  =  Mo  +  Ml.  ^  690.0 
The  totaJ  end  shear  for  one  girder  ii 

V  =■  Vo+  ] 


Q  rt.-lb.  ^  8,280,000  ir 


=  561300  lb. 

8.  DESIGN  OF  GIRDERS.— The  depth  of  the  web  plate  will  be  Uken  as  54  in.  (see  para, 
graph  4).    The  thickness  of  the  web  plate  is  influenced  by  two  factors: 

I.  The  shearing  stresses. 

a.  The  web  must  be  thick  enough  to  insure  a  [a^ctlcabie  rivet  apadng  in  Che  Ranges,  at  the 
end  of  girder. 

Neither  of  these  factors  are  likely  to  exert  much  influence  on  a  girder  as  email  as  the  one  under 
con^dcration. 

Using  a  web  pbte  54  in.  X  A  ■»-  the  actual  unit  shear  on  the  gross  section  of  the  web  is 

56,300  ■*■  16.90  -  3,330  lb.  per  sq.  in. 

The  allowable  unit  stress  is  10,000  lb.  per  sq.  in. 

If  it  be  assumed  for  the  present  that  the  distance  between  the  r 
flanges  is  3  in.  less  than  the  distance  back  to  back  of  flan^  ang 
one  row  of  rivets  connecting  the  flange  to  the  web  plate,  the  rive 
end  of  the  girder  from  formula  (8)  will  be 

5.630  X  51  5       -  ,  . 
56,300  *■ 


Kt  linesofthe  top  and  bottom 
»  and  that  there  will  be  but 
spacing  in  the  flanges  at  the 


P  -- 


where  p  «  pitch  of  rivet  in  inches,  r  —  allowable  stress  on  rivet,  and  V  •»  shear  at  section. 
Prom  this  calculation  it  is  seen  that  a  A  '".  web  plate  is  satisfactory  as  far  as  the  flange  rivet 
spacing  is  concerned.    A  web  plate  54  in.  X  ■h  'n.  will  be  adopted. 

The  gross  area  of  the  compression  flange  should  not  be  leas  than  the  gross  area  of  the  tension 
flange  ({  50).  'The  allowable  fiber  stress  in  the  bottom  flange  is  16,000  lb.  per  sq.  in.  on  the  net 
area  ({  37)  and  in  the  top  flange  is  16,000  —  iSol/b,  where  I  —  the  distance  between  lateral  sup- 
ports of  the  top  flange  -  8  X  I3  =  96  in.  and  b  =  the  width  of  the  cover  plate  ($  50).  The 
value  of  b  can  be  more  easily  estimated  after  the  tension  flange  is  determined.  Assuming  the 
effective  depth  to  be  i)  in.  less  than  the  distance  back  to  back  of  flange  angles  the  net  area  required 
for  the  tension  flange  is  found  as  follows  (formula  (i)) 


Ar'- 


f-k 


•  9.76  «l-  in- 

la,  the  required  net  area  of  the  tension 


Allowing  one-eighth  of  the  area  of  the  web  as 
flange  is 

9.76  —  i  X  16.90  •■  7.65  sq.  in. 

Two  an^es  5"  X  3)"  X  -h"  provide  a  net  area  of  7.96  sq.  in.  deducting  one  [  in.  hole  from  each 
an^.     This  section  will  be  used  with  the  5  in.  legs  outstanding. 

The  width  of  the  cover  plate  must  be  at  least  ^  X  96  i^  8  in. 
flange  is  about  10  in. 

A  10  in.  cover  plate  will    probably  prove  satisfactory  for  the 
allowaUe  unit  stress  in  this  flange  from  f  50,  is 

/,  "  16,000  —  150H  •  14,560  lb.  per  sq.  in 
The  grow  area  required  for  the  compression  flange  is  (formula  (i)) 
M         8,a8o,ooo 
■""/.•k"  14.560X53" 


The  width  of  the  tendon 
compression  flange.     The 


0.72  sq.  1 
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Allowing  one-eighth  of  the  area  of  the  web,  as  flange  area  the  required  gross  area  of  the  com* 
pressive  flange  is 

10.72  —  2.11  =  8.61  sq.  in. 

The  area  provided  by  a  10  in.  X  A  ■»■  cover  plate  and  2  angles  4"  X  4"  X  )"  is  S.86  sq.  in., 
and  thb  section  will  be  used.  The  edge  distance  on  the  cover  plate  is  about  si  in.  Allowable 
8  X  A  =  ai  in. 

The  gross  area  of  the  tension  flange  is  8.94  sq.  in.,  and  of  the  compresuon  flange  8.S6  sq.  in., 
excluding  the  portion  of  the  web. 

The  effective  depth  of  the  section  adopted  is  53.4  in.,  which  is  slightly  larger  than  the  assumed 
depth  of  53.0  in.,  so  no  revision  will  be  made.     The  distance  between  gage  lines  is  50  in. 

The  portion  of  the  moment  carried  by  the  Banges  is  8.S6  -i-  10.97  =  o-^i-  I'^e  required 
placing  of  the  rivets  between  the  web  and  flanges  is 

A  >•*  5.630  X  50  fi,,in 

''       0.81V      0.81  X56,3«>       ''■'^'"■ 

The  maximum  spacing  allowed  is  6  in.  but  this  is  longer  than  should  be  used.  A  spacing  of  5  in- 
will  be  used  throughout  the  entire  length  of  the  top  and  bottom  flanges.  The  required  spacing  of 
rivets  between  the  cover  plate  and  flange  angles  is  much  greater  than  for  the  case  just  considered. 
The  maximum  allowed  is  16  X  A  "  5  in.     This  spacing  will  be  used. 

The  end  stiffeners  should  have  an  area  sufficient  to  carry  the  total  end  shear  by  column  action. 
There  will  be  two  pairs  of  end  stiffeners  at  each  end  of  each  girder.  Sliding  bearings  are  to  be 
used  so  the  pair  of  stiffeners  towards  the  center  of  the  girder  should  be  designed  for  J  of  the 
shear  or  42,200  lb.  Only  the  area  of  the  outstanding  legs  should  be  conudered  as  effective 
at  the  ends  of  the  stiffeners  because  of  the  poor  bearing  of  the  other  leg  on  the  fillet  of  the 
flange  angle.  The  area  required  is  42,200  -^  16,000  =  2.64  sq.  in.  The  value  16,000  is  used 
without  reduction  for  there  is  no  column  action  at  the  ends  of  stiffeners.  At  other  points  along 
the  stiffeners  the  full  section  can  be  used,  but  the  allowable  stress  must  be  reduced  by  the  column 
formula.  The  case  just  ^ured  will  evidently  control,  however.  Two  angles  4"  X  3"  X  1" 
provide  an  area  of  8  X  |  •■  3.00  sq.  in.  so  will  be  used  for  the  end  stiffeners  nearer  the  center  of 
the  girder.  The  other  pair  of  end  stiffeners  will  be  made  of  two  angles  4"  X  3"  X  A".  A 
10  in.  X  1  in.  plate  will  be  riveted  to  these  to  improve  the  appearance  of  the  end  of  the  girder. 

The  outstanding  leg  of  the  intermediate  stiffeners  must  not  be  less  than  t/30  X  54  +  2  >•  3.8 
in.  All  intermediate  stiffeners  will  be  made  of  an^es  4"  X  3"  X  A"  placed  in  pairs,  with  the 
4  in.  leg  outstanding. 

The  stress  carried  by  the  end  stiffeners  nearest  the  center  of  the  p'rder  is  42,200  lb.  as  deter- 
mined above.  Enough  rivets  must  be  used  between  the  angles  and  the  web  to  transmit  this  stress 
to  the  web  in  double  shear  or  bearing.  The  number  required  is  42,20a  -t-  5,630  ■■  8.  The  rivets 
irill  be  spaced  about  s  in.  This  will  provide  about  10  rivets  for  this  case.  The  rivets  in  all 
etiffeners  will  have  the  same  spacing. 

The  maximum  length  of  A  in-  plate  60  in.  wide  which  can  be  obtained  at  the  mills  is  460  in. 
or  38  ft.  4  in.,  so  the  web  plate  will  have  to  be  spliced.  This  spHce  might  be  located  at  the  center 
of  the  girder,  but  it  is  better  practice  to  splice  at  points  where  there  is  an  excess  of  flange  area. 
Each  girder  will  be  spliced  near  the  third  pdnts  at  a  distance  of  about  17  feet  from  the  end  of  tbe 
girder  and  at  stiffeners. 

Tbe  dead  load  per  foot  per  girder  is 

120,750  +  2  X  50  =  1,210  lb. 

The  live  load  per  foot  per  girder  is  1.287  X  90  X  18  -9-  2  —  1,040  lb.  including  impact. 
The  dead  load  shear  at  the  point  of  splice  is 

Vp  -  1,210  X  ¥  —  i,aio  X  17  -  9,000  lb. 
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The  dead  load  moment  at  the  point  of  splice  is 

Md~  iX  i.aio  X  49  X  17  -  i  X  1,210  X  17"  =  329.000  ft.-lb. 
n  live  load  shear  will  occur  with  the  uniform  load  covering  the  girder  up  to  the  point 
1.040  X  32  X  16 


of  splice,  and  is 


Kt  = 


49 


-  -  10,850  lb. 


The  maximum  live  load  moment  occurs  with  the  entire  span  loaded,  and  is 

Mt  =  i  X  1,040  X  49  X  17  -  i  X  1,040  X  17'  -  282,000  ft.-lb. 

The  total  shear  at  the  section  is 

V  =  9,000  +  10,830  =  19,850  lb. 

The  total  moment  at  the  section  is 

if  -  329,000  +  282,000  -  611,000  tt.-Ib. 

The  amount  of  the  moment  carried  by  the  web  is  equal  to  the  ratto  of  the  web  area  counted  a 
flange  area,  to  the  total  area  of  one  flange  and,  considering  the  tension  flange  is 


The  type  of  splice  shown  in  Fig,  12  will  be  used.     The  number  of  shop  rivets  required  by 
shear  alone  is  determined  by  bearing  on  the  ^  in.  web  and  is  19,850  +  5,630  —  4.     This  number 


?4 


■8S 


^i^4^f:4it^ 


I  neb  PL  54iV 

l-i'5p.Pls. 


llfSism" 


must  be  materially  increasett  to  take  care  of  the  moment.     There  should  be  two 
each  side  of  ihe  splice.     The  arrangement  shown  in  Fig.  12  represents  the 
rivets  which  can  be  conveniently  used  in  this  case 

Id'  -  2  X  (ai)'(i  +  2'  +  3'  +  4'  +  5*  +  «"  +  7'  +  8")  -  2848  in.*  -  337  ft.* 

"  ^(584)"  +  (5,360)'  -  5,400  lb. 
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Allowable  bearing  (Table  33,  Appendix  III)  -  5,630  lb.  This  splice  will  be  used  aa  there  is  no 
place  where  it  ia  advisable  to  reduce  the  number  of  rivets.  The  flange  angles  and  cover  plates 
can  be  obtained  long  enough  (or  the  entire  span,  so  tbey  wll  not  have  to  be  spliced. 

9.  DESIGIT  OP  END  BBAItlNOS.— Roller  bearingB  are  not  required  for  spana  lem  than 
70  ft.,  so  sliding  bearings  will  be  uaed  for  this  girder.  Slotted  holes  will  be  used  in  the  sole 
plates  to  allow  for  a  movement  of  at  least  |  in.  at  one  end.  The  area  of  the  wall  (date  must  be 
at  least 

.        V      56,300 

where  V  =  the  maximum  end  reaction,  and  /  -•  allowable  bearing  on  concrete  abutments.    The 
sizes  of  the  sole  plates  and  masonry  plates  will  probably  be  determined  by  the  detail  adopted. 
The  thickness  of  the  sole  plate  will  be  taken  as  |  in.  and  the  masonry  plate  as  ]  in. 
The  anchor  bolts  will  be  hacked  bolts,  i  i  in.  in  diameter  and  1  ft.  3  in.  long. 

10.  Detul  Dnwinga.^The  detail  drawings  for  this  bridge  are  shown  in  Fig.  13. 
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CHAPTER  XIII. 
Design  of  Low  Truss  Highway  Bridges. 

Introdnctloii. — Low  truss  highway  bridges  are  used  for  spans  of  from  30  to  So  feet,  and  for 
special  desigas  to  100  feet.  The  trusses  may  have  either  pin-connected  or  riveted  joints.  The 
trusses  may  have  either  half-hip,  as  in  Fig.  i  or  full  slopes,  as  in  Fig.  2,  and  may  be  either  of 
the  Warren  type,  as  in  Fig.  I,orof  the  Piatt  type,  as  in  Fig.  2.  The  cost  is  practically  the  same 
for  the  two  types.     Low  truss  highway  bridges  should  always  be  made  with  riveted  connections. 

Derign  of  Rlretftd  TrosseB. — The  author's  specilications  for  the  Design  of  Steel  ffighway 
Bridges,  Appendix  I,  contain  the  following  requirements  for  the  design  of  low  truss  bridges. 

i  3.  Types  of  Truss. — Spans  from  30  ft.  to  80  ft. — Riveted  plate  girders  or  riveted  low  trusses 
for  classes  A,  B,  E|,  Ei  and  Ei,  and  riveted  low  trusses  for  classes  C,  D]  and  Di. 

\  54.  Low  rnujei.—rRiveted  low  trusses  shall  have  top  chords  composed  of  double  web 
members  with  cover  plate.  The  top  chord  shall  be  stayed  against  lateral  bending  by  means  of 
brackets  or  knee  braces  rigidly  connected  to  the  floorbeame  at  intervals  not  greater  than  twelve 
times  the  width  of  the  cover  plate.  The  posts  shall  be  solid  web  members.  The  floorbeams  shall 
be  riveted,  preferably  above  the  lower  chord.     Pin-connected  low  truss  bridges  shall  not  be  used. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  contains  the  following  specifications  with  reference  to  the  design  of  low  truss  h^hway 

"  Pony-truss  bridges  shall  be  of  riveted  type.  Spans  of  50  feet,  center  to  center  of  bearings, 
or  less,  may  have  ungle-webbed  trusses  with  T-chords;  but  all  spans  over  50  feet  in  length  shall 
have  double-webbed  chords,  and  latticed  or  otherwise  effectually  stiffened  web-members,  unless 
Otherwise  specified  by  the  engineer. 

"  In  all  pony-truss  bridges,  the  flocH-beams  shall  be  ri^dly  connected  to  vertical  truss-members; 
and  stiffening  gussets,  as  large  as  practicable  without  mterfering  with  the  roadwav  clearances, 
shall  be  provided.  The  vertical  truss-members  and  the  floorbeam  connections  thereto  shall, 
when  practicable,  be  proportioned  to  resist,  at  the  specified  unit-stresses,  a  lateral  force  applied 
at  the  top-chord  of  the  truss,  equal  to  2  per  cent  of  the  maximum  top^ord  stress.     When  im- 


Pic.  I.    Low  Wasbbn  Rivetbd  Hichwav  Bridge.    Gillette-Herzocs  Mfg.  Ca 
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this  requirement, 
lain  the  foUowing 


practicable  to  dengn  the  vertical  truaB-members  sufficiently  strong  to  n 
outside  wing-braces  shall  be  added." 

~  e  Massachusetts  Public  Service  Coramission 


The  specificati 
mtuirements  (or  the  design  of  riveted  highway  bridge 


UJ  * 


Fig.  a.    Low  Pratt  Rivetbd  Highway  Bkidgb.    Ahbxicam  Bridge  Coupant. 

i  70.  General  FrincipUs. — Riveted  trusses  shall  be  so  laid  out  that  the  centre  of  gravitjr  linn 
(not  gage  lines)  of  each  member  meeting  at  a  joint  shall  intersect  at  a  point,  as  nearly  as  practicable. 
Only  very  email  deviations  will  be  permitted. 

$71.  Rivets  taking  stress  out  of  any  member,  whether  at  a  splice  or  at  a  jwnt,  shall  be 
arranged  as  nearly  as  practicable  so  that  the  center  of  gravity  of  the  rivets  shall  be  in  the  line 


'  Top  cf  Fluor  Beams 


&t»{Chord  Tee  Chord 

0-)  FLOoif  Beams  asoye  lon'Cf  Ofcuip 


Harff  Seffhn.  '  HalfFndii^m. 
Cc)  SusPENDSO  Floor  Beams 
Fig.  3.    Dbtails 


/£"  SusPEmeo  Fl  ooe  Beam  with  Side  iVAue 
Low  Tkuss  Highway  Budges.    Amekican  Budge  CqiiPAin'. 
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of  the  center  of  gravity  of  the  member,  and  Bymmetrically  arranged,  if  practicable.  Angles 
must  generally  be  connected  by  both  lega,  using  lug  angles,  with  number  of  rivets  in  each  leg 
pruportiooal  to  area,  of  leg. 

i  73.  When  stress  is  taken  out  of  a  member  by  rivets,  the  rivets  must  be  arranged,  by 
slareering  or  otherwise,  so  as  to  have  as  few  rivets  as  practicable  in  a  line  parallel  to  the  member; 
and  the  pitch  of  rivets  must  generally  be  as  small  as  practicable. 

{  73.  When  stress  is  taken  out  of  a  single  member  into  a  gusset  plate,  and  from  this  into  an- 
other member,  the  rivets  in  the  second  member  must  not  only  have  their  center  of  gravity  in  the 
center  of  gravity  line  of  this  member  (see  i  71),  but  also  as  nearly  as  practicable  in  the  center  of 
gravity  line  of  tne  first  member. 


Detail  of  Bid Beana^s. 
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Fig.  4.     Low  Tbuss  Steel  Highway  Bbidge.    Wisconsin  Hickwav  Couhission. 

i  74.  Any  bending  on  riveted  connections,  due  to  necessary  nonfulfillment  of  these  general 
principles,  is  to  be  allowed  for  in  proportioninr  the  parts. 

J  75.  Seclions.  For  upper  chord  and  end-post  sections  a  T-shape  will  not  be  allowed.  1( 
two  vertical  plates  are  used,  the  bottom  edges  must  be  properly  stiffened,  as  circumstances  may 
dictate,  either  by  tie  plates,  lacing  with  bent  bars,  or  generally  by  the  addition  of  angles  with 
lacing  of  the  ust^  land. 

I  76,  Web  Members. — Web  members  must  be  double,  and  connected  symmetrically  to  the 
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it  a  joint,  and  the  gusset  plate  used  as  a  cover,  only 

ord  shall  be  allowed  (or. 
EXAMPLES. — A  (our-panel  Warren  truss  highway  bridge,  designed  by  the  Gillette- Herzog 
Mfg.  Co.,  is  shown  in  Fig.  I.  The  chords  and  the  diagonal  web  members  arc  made  of  two  angles 
placed  back  to  back,  forming  a  T-aection,  while  the  poets  are  made  of  two  angles  "  starred."  The 
floorbeams  are  riveted  below  the  lower,  chord  and  are  rolled  I-beams.  The  joists  are  carried 
directly  on  the  tops  of  the  floorbeams  and  are  composed  of  four  channels  and  four  I-beams  placed 
as  shown.  The  details  of  the  Hoor  are  clearly  shown.  The  lower  laterals  are  made  of  single  angles 
with  riveted  connections.  The  upper  chord  is  braced  at  the  panel  points  with  angle  braces. 
This  type  of  bridge  should  be  used  only  for  very  light  highway  bridges. 

TABLE  I. 

Data  on  Standard  Steel  Low  Truss  Highway  Budges. 

Wisconsin  Hicbwav  Couhission. 


, 

H<i(hi  Df  TniH,  Fm. 

Wsght  ot  Suuaunl  St«L 

Sp.n,  Ft. 

w.y. 

t6Fu 

itFi. 

.6  Ft.  Ro«l..y,  Lb. 

tS  Ft.  R<H>din>T.  Lb. 

7,680 

40 

S-o 

S-o 

7,980 

8,660 

45 

S-iS 

S-iS 

9,980 

10,66s 

SS 

M.S70 

6.S 

i8,iso 

6s 

6.S 

7.0 

«>,4SO 

M,S40 

70 

7.0 

7-S 

S 

21,730 

14.470 

7S 

7-S 

5 

*4.S30 

8.S 

8S 

8.5 

9 

JI,9M> 

35.360 

RailinK  per  lineal  foot 

17  lb. 

17  lb. 

Reinforcing  per  lineal  fool 

40  lb. 

44  lb. 

Concrete  per  lineal  foot 

0.30  cu.  yd. 

0.34  cu.  yd. 

Concrete  «laba  6    in.  thick 

Reinforcing 

transverse  J 

in.  sq.  twisted    bars  spaced   6  in.  centers,  | 

longitudinal  J  in.  sq.  twi 

ted  bars  space 

d  two  betweei] 

JOLSU. 

1 

A  four-panel  Pratt  low  truss  highway  bridge,  designed  by  the  American  Bridge  Company,  is 
shown  in  Fig.  2.  The  upper  and  the  lower  chords  and  the  posts  are  made  of  two  angles  placed 
back  to  back,  forming  a  T<section.  The  diagonals  are  single  angles  acting  in  tension,  only.  The 
trusses  are  braced  by  bending  one  of  the  angles  of  the  posts.  The  floorbeams  are  riveted  to  the 
posts  above  the  lower  chords,  and  are  rolled  I-bcama.  The  joists  are  carried  on  shelf  angles 
riveted  to  the  webs  of  the  floorbeams  as  shown.  The  lower  lateral  systems  are  made  of  single 
angles  with  riveted  connections. 

s  highway  bridge  with  the  floorbeams  riveted  below  the  lower 
1  Bridge  Company,  are  shown  in  (a).  Fig.  3.  The  end  shoe 
IS  of  anchor  bolts.  The  holes  in  the  bearing  plates  of  the  shoes 
should  be  slotted  at  one  end  to  permit  movement  due  to  changes  in  temperature.  Sliding  platca 
should  be  provided  at  the  expannon  end;  the  surfaces  of  the  bearing  and  sliding  plates  in  contact 
being  planed. 

Details  of  ri\-eted  low  truss  highway  bridges  with  box-  and  with  tee-chords,  and  with  floor- 
beams  riveted  below  the  lower  chords,  as  dcngned  by  the  American  Bridge  Company,  are  shown 
in  (6),  Fig.  3.  Details  of  a  riveted  low  truss  highlvay  bridge  with  box-chords  and  with  suspended 
s  are  shown  in  (c).  Fig.  3.     It  will  be  noted  that  no  aide  braces  are  pnnided  io  this 


Details  of  a  riveted  low 
chords,  as  designed  by  the  Ai 
is  bolted  to  the  bridge  seat  by 


D.qilizMb,G00>^le 


EXAMPLES  OF  LOW  TRUSS  BRIDGES. 


Fig.  5.    Low  Tsuss  Steel  Hicbwav  Bridgb,  with  Slab  Floor.    Iowa  Highway  Couuission. 

design.  The  same  method  of  suBpending  the  floarbeama  is  ahown  in  (d),  Fig.  3,  for  a  low  trusa 
bridge  with  ridewalks.  Where  side  braces  are  not  used  the  poMa  should  be  made  wider  than 
where  braces  are  used. 

Details  of  a  6o-(t.  span  standard  low  truss  highway  brid^  designed  by  the  Wisconsin  High- 
way Commiasion  arc  given  in  Fig.  4.  The  upper  chords  are  composed  of  two  channela  8  in.  @  11  i 
lb.,  and  a  13  in.  by  ]  in.  cover  plate.  The  joists  are  carried  on  the  tope  of  the  floorbeams,  while 
the  Hoorbeams  are  riveted  to  the  posts  below  the  lower  chords.  Thia  bridge  was  designed  for 
a  15-ton  roadrollerandforaliveloadof  1141b.  per  sq.ft.,  both  without  impact,  in  addition  b 
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Standard  Stebl  Low  Tkuss  Spans — Concrete  Floor  witbout  Stringers. 

General  Data  and  Estimatbd  Quantities. 

Iowa  Highway  Couiussion. 
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dead  load.  These  bridges  could  be  very  much  improved  (i)  by  rivGtii^  the  floorbeams  above 
the  lower  chords;  (i)  by  the  use  of  solid  webbed  posts,  and  (3)  by  the  use  of  wde  braces  or  brackets. 
Data  on  Wisconsin  Highway  CotnmiBslon  standard  low  truss  highway  bridges  are  ^v«n  in  Table  1. 
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Details  of  a  90-ft.  span  Mandard  low  truee  highway  bridge  without  joists,  as  demgned  by  the 
.  Iowa  Highway  Commission  are  given  in  Fig.  5.  These  bridges  have  a  concrete  slab  floor  carried 
directly  on  the  floorbeams.  The  details  of  this  bridge  are  well  worked  out  and  give  an  enxllent 
structure.  Standard  spans  (ram  35  It.  to  65  It.  rest  on  sliding  plates,  while  spaiia  fram  70  (t.  to 
100  ft.  have  one  end  on  a  rocker.  In  spensTrom  35  ft.  to  65  ft.  the  side  braces  are  omitted.  Data 
on  the  low  truss  highway  bridges,  the  details  of  which  arc  shown  in  Fig.  5,  are  given  in  Table  IL 


(  St^EL  Stmngers. 


Details  of  a  7o-(t.  span  low  truss  highway  bridge  with  joists,  as  designed  by  the  Iowa  Highway 
Commission  are  given  in  Fig.  6.  These  bridges  have  a  concrete  slab  floor  carried  on  steel  joists. 
The  steel  I-beam  jmsts  are  framed  into  the  floorbeams  by  coping  the  joists  so  that  the  top  Ranges 
at  both  floorbeams  and  joists  are  on  the  same  level.     Standard  spans  of  35  ft.  to  65  ft.  rest  on 
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sliding  platCB,  while  spans  from  70  ft.  to  85  ft.  rest  on  rockers.  In  ^kiiib  from  35  ft.  to  65  ft.  the 
side  braces  are  omitted.  Data  on  the  Jow  truss  highway  bridge  shown  in  Fig.  6,  are  given  in 
Table  HI. 

TABLE  in. 

Standard  Stebl  Low  Truss  Spans — With  Steel  Stringers  and  Concretb  Floor. 

General  Data  and  Eshmaivd  Quantities. 

Iowa  Highway  Commission. 
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Details  of  a  low  riveted  trust  bridge  with  reinforced  concrete  floor  aa  designed  by  the  Michigan 
Highway  Commission  are  pven  in  Fig.  7.  The  upper  chord  is  braced  by  giusset  plates  on  the  inade 
of  each  post.  The  expansion  end  of  the  bridge  rests  on  6-in.  segmental  steel  rollers.  The  Com- 
mission has  prepared  standard  plans  for  spans  of  from  50  ft.  to  100  ft.  by  5  ft.  intervals. 

The  riveted  low  truss  highway  bridge  with  an  inclined  upper  chord  shown  in  Pig.  8,  is  bulk 
by  the  American  Bridge  Company  for  locations  requiring  an  artistic,  serviceable  bridge  at  & 
moderate  cost.    This  bridge  has  been  built  with  mx  panels  and  with  spans  of  90, 96  and  loa  feet. 


jcibyGoQi^lc 


EXAMPLES  OF  LOW  TRUSS  BRIDGES. 


185 


The  bridge  in  Fig,  8  has  a  30-ft.  roadway  and  was  desigined  lor  a  dead  load  of  930  lb.  per  lineal 
foot  of  bridge,  and  a  live  load  of  3,400  lb.  per  lineal  foot  a(  bridge.  The  total  weight  of  the  Meel 
in  this  bridge,  exclusive  of  joiats  and  fence  is,  approximately,  57,000  lb.  The  tloorbeams  are 
rolled  I-beams  and  are  riveted  below  the  chords.    The  top  chords  are  made  of  two  channels 
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Fig,  7.    Low  Truss  Steel  Hichwav  Bridge.    Michigan  Highway  Couuission. 

with  a  top  cover  plate,  the  lower  edges  of  the  channels  being  fastened  together  with  tie  plates — 
lacing  is  much  better  practice.  The  bottom  chord  is  composed  of  two  angles,  with  tie  plates — 
tie  plates  are  all  right  for  this  member.  The  web  members  are  made  of  3  or  4  angles  laced  as 
shown.     Rods,  not  shown,  are  used  for  the  lower  lateral  system. 
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PIH-CONiraCTED  LOW  TRDSS  BRllKJHS.— Pm-connected  low  tnws  highway  bridges 
are  commonly  built  of  the  Pmtt  type,  with  either  haU-hip  or  rull  dope  end-poets.  The  upper 
chords  of  pin-connected  low  truss  highway  bridges  are  made  of  two  channels  and  a  top  cover 
plate,  or  of  two  channels  laced;  the  posts  are  usually  made  of  four  angles  laced  or  battened;  while 
the  tension  memberv  are  made  of  rods  or  eye-bars.  The  posts  and  the  chords  should  be  made 
very  wide  and  stiould  be  securely  fastened  to  the  floorbeama,  or  side  braces  should  be  used.  The 
details  of  the  American  Bridge  Company's  half-hip,  low  truss  Pratt  highway  bridge  with  the 
floorbeams  riveted  below  the  lower  chords  ate  shovm  in  (0),  Fig.  91  while  details  of  a  full  slope 
Pratt  highway  bridge  with  floorbeams  riveted  below  the  lower  chords  are  shown  In  (6),  Fig.  9. 
Rolled  beams  are  used  for  floorbeams.  while  the  lower  laterals  are  made  of  rods  with  screw  ends. 

The  principal  objection  to  pin-connected  low  truss  bridges  is  that  the  vertical  trusses  are 
usually  not  sufficiently  braced,  and  lack  lateral  stability.  The  "fish-bellied"  truss  bridge  shown 
in  Fig.  10  with  the  floorbeams  riveted  above  the  lower  chords,  is  a  decided  improvement  upon 
the  usual  type  of  low  truss  bridge.  This  bridge  is  very  rigid  and  makes  a  very  satisfactory 
structure.  In  Fig.  10  the  lower  chord  pins,  beginning  with  the  left  end,  are  called  Li,  L-i,  Lt,  etc., 
while  the  upper  chord  pins  are  called  Vi,  V%,  etc.,  as  shown.  The  top  chorda  and  end-posts  are 
made  of  two  channels  and  a  top  cover  plate,  with  tie  plates  on  the  bottom  of  the  member.  The 
posts  are  made  of  four  angles;  eye-bars  are  used  for  the  lower  chords  and  main  diagonals,  while 
rods  are  used  fen'  the  main  ties  and  the  diagonals  in  the  middle  panels.  The  joists  are  carried 
directly  on  the  tops  of  the  floorbeams. 

TEHPBRATDItE  CHAITGBS.— The  expansion  ends  of  low  truss  bridges  shouU  be  placed 
on  sliding  plates  or  be  carried  on  rollers  or  rockers.  Rollers  are  not  commonly  used  for  low  trusa 
highway  bridges  having  a  span  less  than  70  ft.  Details  of  rockers  and  rollers  are  given  in  Chapter 
XV.     Details  of  rockers  are  given  in  Figs.  5,  6  and  15. 

WEIGHT  OF  LOW  TRUSS  BRIDGES.— The  weights  of  low  truss  highway  bridges  as 
designed  by  the  Wisconsin  Highway  Commission  are  given  in  Table  I,  and  as  designed  by  the 
Iowa  Highway  Commission  are  ^ven  in  Tables  Hand  111.  Formulas  for  weights  of  low  truss 
highway  bridges  are  pven  in  Chapter  [X. . 

LENGTH  OF  SPAN.— The  American  Bridge  Company's  standards  include  the  following 
lengths  of  span  for  the  different  types  of  low  truss  bridges: 


TABLE   IV. 
Low  Tkuss  Spans  Used  by  Auekican  Bridge  Company. 
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Fig.  9.     Low  Pratt  Pin- Connected  Highway  Bridges. 
American  Bridge  Company. 

The  Gillette-Herzog  Mfg,  Company's  standards  for  riveted  Warren  low  truss  bridges  in- 
cluded spans  from  32  to  75  leet.     The  economical  limit  for  low  truss  spans  is  at  75  or  80  (eet. 

DEPTH  OF  TRUSS.— The  American  Bridge  Company's  standards  for  low  truss  bridges 
are  given  in  Table  V. 
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Tbb  Design  of  a  70  pt.  Span  Low  Riveted  Wabren  Truss  Budgb. 

I.  G«ner«l  D«(Ci^ti(Mi  of  Bridga. — This  is  to  be  a  low  truss  bridge  with  riveted  Warren 

trusses.     The  floor  is  to  be  eamposed  of  a  reinforced  concrete  slab  supported  on  I-beam  joists. 

Provision  will  be  made  for  a  wearing  surface  weighing  50  lb.  per  sq.  ft.  of  roadway.    The  floorbeams 

will  be  riveted  to  the  posts  above  the  lower  chords  to  hold  the  trusses  in  fdace  as  rigidly  as  possible. 

3.  LOADS. — Dead  Load.— The  dead  load  consists  of  the  weight  of  the  reinforced  concrete 
floor  slab  at  150  lb.  per  cu.  ft.,  the  wearing  surface,  joists,  floorbeams,  trusses  and  lateral  bracing. 

Live  Load. — This  bridge  will  be  designed  for  Class  Dj  loading  which  provides  for  a  15-toii 
concentrated  load  or  a  uniform  load  of  too  lb.  per  sq.  ft.  of  roadway  for  the  Boor  and  its  sup- 
ports. The  live  load  for  the  trusses  is  given  in  Table  I  of  the  specifications  as  60  lb.  per  sq.  ft. 
of  roadway. 

Impact — The  specifications  provide  for  an  allowance  for  impact  of  30  per  cent  of  the  live 
load  for  the  floor  and  its  supports,  and  of 

100  100 

f—. — ; ■■  27  per  cent 

i  +  300      70  +  300        '  *^ 
for  the  truss  members. 

Wind  Load. — The  specifications  require  that  the  lateral  bracing  be  designed  for  a  moving 
wind  load  o(  300  lb.  per  lineal  foot  of  brid{^. 

3.  DIHEnSIONS. — Span,  70'  o"  c.  to  c.  of  bearings;  panel  lei^h,  14'  o";  width  of  road- 
way, 16'  o",  spacing  of  trusses,  17'  3"  c.  to  c.  about. 

4.  Depth  of  tniss,  1  of  panel  length  -  7'  o"  c.  to  c.  of  ch<MYls.  Minimum  depth  allowed  by 
the  specifications  =  -A  X  70  =  7'  o". 

5.  DESIGN  OF  FLOOR  SYSTEM.— The  methods  used  in  the  dedgn  of  the  floor  system 
of  this  bridge  are  given  in  Chapter  X,  and  will  not  be  repeated. 

The  slab,  joist  and  floorbeams  required  may  be  found  in  Table  I,  and  Fig.  9,  Chapter  X. 
The  following  floor  system  will  be  used. 

5to6.— Total  thickness  6  in.  Depth  to  center  of  steel  3  in.  Reinforcement  at  right  an^es 
to  joist;  )  in.  square  rods  6)  in.  c.  to  c.  Reinforcement  parallel  to  joists;  two  }  in.  square  ban 
between  adjacent  joists. 

Joists,    9  in.  I's  @  >i  lb.  spaced  about  2  ft.  3  in.  c.  to  c. 
InUmtediaU  floorbeams,  ao  in.  I's  @  6j  lb. 
End  fioorbtams,  ao  in.  I's   ©65  lb. 
Weight  of  floor  system  per  panel 

Wearing  surface,  50  X  14  X  16  -  1 1,200  lb. 
Slab,  75  X  14  X  16  -  16,800  " 

Joists,  8  X  21  X  14  =    2400  " 

Floorbeam,  i?  X  65  =    1,100  " 

Total  per  panel  ~  31,500  lb. 

Total  weight  of  floor  system  -  31,500  X  5  —  157.500  lb.  for  entire  bridge. 
In  order  to  calculate  the  live  load  floorbeam  reaction  it  is  necessary  to  calculate,  first,  tbe 
maximum  load  that  can  come  on  a  floorbeam  and  second,  the  maximum  reaction  that  can  occur 
due  to  this  load.  From  (a)  Fig.  11,  the  greatest  live  load  that  can  come  on  the  floorbeam  will 
be  10  +  4  X  5 '4  =  "44  tons.  From  (*)  Fig.  11,  it  will  be  seen  that  the  maximum  reaction 
will  occur  with  the  wheels  as  shown.     (The  truck  is  10  ft.  wide.) 

.       *-— 1,V^'■"'<'■°~-'5■3°°"'■ 
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Allowing  30  per  cent  for  impact,  the  reaction  will  be  1.30  X  15,300  —  20,000  lb. 

D.  L.  floorbeam  reaction,  intermediate  15,800  lb.     End    7,900  lb. 

L.  L.  and  Impact  floorbeam  reaction,  intennediate  20,000  "      End  30,000  " 
Total  floorbeam  reaaion,  intermediate  35, 800  lb.     End  27,900  lb. 

6.  STKBSSBS  IN  TRUSSES  AND  LATERAL  STSTEH.    Joint  Load.— Drad  iMid.- 

Steel  exclusive  of  floor  syttem 20,000  lb. 

Floor  «ystem  and  wearinK  surface 157.500   " 

Total 177,500  lb. 

^  3T.  5.m.       S.72T. 

Q. ^      J     .1  ,. 

(a) 


ll'-O' 

h'-r 
~         "(b)" 

Fig.  II. 


Dead  joint  load  ■-  177,500  +  10  —  17,750  lb. 

Live  Load. — 80  X  16  X  14  *  j  —  9,000  lb.  per  jwrnt. 

Impoci. — 0.27  X8oXi6Xi4  +  2  -  2,420  lb.  per  joint. 

Wind  Load.— 300  X  14  ■  4,200  lb.  per  joint,  on  lower  chord  only, 

7.  Dead  Load  StrMse*.— The  dead  load  Btresses  as  calculated  by  the  method  of  coeflicientB 
arc  shown  on  Fig.  12.     The  entire  dead  joint  load  was  considered  as  api^ied  at  the  lo*er  chord 

8.  LivB  Load  aad  Intact  StreBaes. — The  live  load  web  stresBes  as  calculated  by  the  method 
of  coefficients  are  shown  in  Fig.  12.  The  maximum  chord  stresses  occur  when  the  bridge  is  fully 
loaded  and  are  obtained  by  multiplying  the  corresponding  dead  load  Btreaees  by  9,000  +  17,750 
-0.507. 

The  impact  ■tnaaes  are  determined  by  multiplying  the  live  load  stresses  by  the  impact  factor 
0.27,  and  are  given  in  Fig.  13. 

9.  Wind  Load  Straaaea. — The  wind  load  stresses  as  calculated  by  the  method  of  coefficients 
are  shown  in  Fig,  12.  The  wind  toad  was  considered  as  moving  so  the  maximum  stresses  in  the 
laterals  will  occur  with  the  longer  segment  loaded  and  in  the  chords  with  all  joints  loaded.  The 
total  wind  load  was  considered  as  concentrated  at  the  joints  of  the  windward  truss.  The  total 
shear  in  any  panel  was  assumed  as  taken  by  the  member  which  would  carry  it  in  tension.  The 
effect  of  the  solid  floor  was  not  considered,  although  after  the  bridge  is  com[Jeted  the  laterals  will 
not  be  necessary  as  far  as  wind  stresses  are  concerned. 

10.  StIMB  Sheet. — Before  proceeding  with  the  design  of  membera  the  stresses  due  to  the 
various  loadings  will  be  collected  on  the  stress  sheet.  Fig.  13.  As  soon  as  the  size  of  each  member 
IB  determined  it  will  be  recorded  on  the  stress  sheet. 

11.  DESIGN  OP  HSHBERS.— The  upper  chord  and  end-post  sections  will  be  made  of 
two  channels,  flanges  turned  out,  with  a  cover  plate  on  top  and  lacing  on  the  under  side.  The 
■ection  should  be  made  wide  to  provide  lateral  rigidity  and  the  top  chord  should  be  supported 
horizontally  by  brackets  at  each  floorbeam.  The  width  of  cover  plates  given  by  the  following 
forrnuht  represents  conservative  practice,  b  -  Z.yio  +  6  jn^;_where  j_; jnipimiim  width  Jn  inches, 
a^ji_J     I     jjihrf  .jiLi  in  f-"-  The  width  of  the  cover  plate  "should  preferably  be  in  even  inches. 

The  lower  chord  sections  will  be  made  of  two  angles,  battened,  placed  outside  of  gusset  plates 
with  l^s  turned  out  where  sufficient  area  can  be  provided.     Where  a  greater  area  is  required  than 


%vr 


^>^- 


Li  -69000    i;  -35m    >f4,' 

I  Pead  Loid  Coefficitnfs  Oeid  Load  Strtssta 

§  Faneli  @l4'-0'-  7Q'-0' 


(a)  Dead  Load  Stressis  m  Tkuss 


k 

U,  *i6000     Ui  f 54  000    U,                 Ui 

w^W^W^^^^^y 

7\^  V 

li 

■    -18000     L,    -dSOOQ    Lz  -54000    L'^                  L',                    'L', 
Live    Load    Coefficients  and  Stresses 
S  Panels   &l4'-0-- 70'- 0' 

Li>v  Joint  Load,    P==9000lb.     tan  9=1-000     sec0''l-4l4 
l/5  Psece'2B40 

(b)  LIVE  LOAD  Stresses  m  Truss 


U/tim    Ut  *i4m  0,           I/; 

^' 

■  f^%^^%^^%^^%s^y 

'\ 

/,■■   -4900     L,  -l?ZOO     L  -14600     L',                  L'                ■  + 
,                         S  Panels  (®  l4'-0"'70'-0''                                 J 

(cj  Impact  Stresses  in  truss 
4200  4m 


P-4Z0O,  fan^'OSIt,   see^^l-Z88f  Pfani=34IOt^SPsec4'l080 
(el)      Wino    LOAD  STRESSES 
Fig.  12. 
can  be  provided  by  two  angles  of  reasonable  size,  four  angles  will  be  used,  two  with  legs  turned 
out  i^ced  outside  of  gusset  plate,  and  tw^  with  legs  turned  in.placed  inside  of  gusset  [dates. 

The  inclined  web  membere  will  be  made  of  two  angles  battened  with  legs  turned  in  and  placed 
inside  of  gusset  plates. 

The  vertical  posts  do  not  carry  any  calculated  stress,  but  serve  to  support  the  top  choarl 
against  bending  in  a  vertical  plane  and  provide  for  the  Hoorbeam  connection.  These  members 
will  be  made  of  four  angles  and  a  web  plate  placed  between  the  gusset  plates,  and  entering  the  top 
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chord  section.  The  uze  of  the  ai^lea  and  plate  will  be  determined  principally  by  convenience 
in  detailing  the  structure.     The  lateral  system  wilt  be  composed  of  single  angle  members. 

The  design  of  the  members  is  given  in  the  Table  VII,  but  for  the  sake  of  explanation  the 
com|dete  calculations  for  one  of  each  type  of  member  will  be  given.  The  Mze  of  most  of  the 
truss  members  will  depend  upon  the  width  of  the  top  chord  sections  so  the  top  chord  carrying  the 
largest  stress  will  be  designed  first. 

13.  Dmign  of  the  Top  Chord  niUi. 

Dead  load  stress,  106,500  lb.  compression 

Live  load  stress,  54.000   "   compression 

Impact  stress,  14,600   "   compression 

Total  175.100  Ih.  compression  (Record  in  Col.  3) 

Wind  load  stress,  o  (Record  in  Col.  4) 

Length  for  bending  in  a  horizontal  plane  168  in.  (Record  in  Col.  6) 

Length  for  bending  in  a  vertical  plane,  84  in.       (Record  in  Col.  6) 

The  width  of  the  cover  (^te  should  be  at  least 

b  -  i/io  +  6  in.  -  70/10  +  6  =  13  in. 
and  taking  the  width  in  even  inches,  14  in.  will  be  used. 

Since  the  member  is  supported  at  the  center  against  bending  in  a  vertical  plane,  bending 
in  a  horizontal  plane  will  probably  control.  Approximate  radii  of  gyration  of  structural  sections 
are  given  in  Table  43,  Appendix  Hi.  The  approximate  radius  of  gyration  for  an  axis  perpendicular 
to  the  cover  plate  is  0.33b  for  this  type  of  section  or 

TB  —  0.3a  X  14  —  4.48  in. 
Using  this  radius  of  gyration  and  the  corresponding  length,  the  approximate  allowable  unit 
S  -  16,000  -  70  X  168/4.48  -  13.380  lb.  per  sq.  in. 
The  approximate  area  reqiAred  is 

A  ~  P/S  -  175,100/13,380  =■  13.07  sq.  in. 
The  g3ge  lines  of  the  cover  plate  will  not  be  farther  apart  than  14  -  3  X  ■!  -  II.5  in.  allowing 
an  edge  distance  of  li  in.  on  each  aide.  The  thickness  of  the  cover  plate  must  be  at  least 
-1/40  X  11.5  -  0-388  in.  so  a  A  >"■  plate  must  be  used.  The  minimum  cover  plates  should  be 
used  whenever  possible.  Deducting  the  area  of  the  14  in.  X  A  'n.  cover  plate  from  the  total 
afea  required,  the  area  to  be  provided  by  the  two  channels  is 

13.07  —  4.38  —  8.69  sq.  in. 
or  4.35  aq.  in.  for  each  channel. 

Since  the  same  general  dimensions  must  be  used  on  all  the  members  of  the  top  chord  and  end- 
post  the  other  members  must  be  kept  in  mind  in  choosing  the  section.  By  referring  to  the  stress 
sheet  it  is  seen  that  the  stress  in  the  end-post  is  less  than  one-half  as  great  as  the  one  under  con- 
sideration, so  a  depth  of  channel  should  be  chosen  that  will  furnish  much  lighter  weights  than  the 
one  used  for  this  member.  Referring  to  a  table  of  the  properties  of  channels  it  is  seen  that  an 
8  in.  channel  ®  16.35  !!>■>  ^  7  in.  channel  ®  14.75  Ih.  and  a  6  in.  channel  @  15.5  lb.  will  all  pro- 
vide sufficient  area  for  this  case  and  also  allow  considerable  reduction  in  area.  The  8  in.  channd 
@  16.35  lb.  will  be  tried. 

The  width  of  flange  of  a  8  in.  channel  @  16.35  'b.  is  li  in.,  and  the  gage  is  i}  in.,  leaving  I  in. 
of  Aange  projecting;  beyond  the  gage.  The  rivet  line  of  the  cover  plate  should  therefore  not  be 
less  thaa  i  in.  from  the  edge  of  the  [Oate.  The  maximum  rivet  allowed  in  the  flange  of  a  8  in. 
channelis]in.,  and  the  minimum  edge  distance  for  a}  in.  rivet  is  ifin.    An  edge  distance  of  I  ^  in. 
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will  be  used  makiag  the  rivet  Udcs  oI  the  plate  14  —  3)  -  11}  inches  apart,  and  the  distance 
back  to  back  of  channels  ii|  —  3  —  81  in. 

13.  De:iilB'  of  Design  <d  DjlTi. — The  properties  of   the  section  composed  of   3  channels 
Sin.  @  16.25  lb.  placed  8)  in.  back  to  back  and  a  cover  plate  14  in.  X  A  ■«- ^i"  t°* ''c  (^^ul^^- 
See  Fig,  14. 
Area.— 

Channels  a  X  4-78  -    9.56  sq.  in. 
PUte  4.38  =  _^  "    " 

Total  =  13.94  •*!■  in-  (Col.  14) 

Centroid. — The  distance  from  the  axis  M-M  to  the  centroid  of  the  section  is  found  by  taking 
moments  about  axis  M-M  and  dividing  by  the  area 

Moment  of  channels  o 

Moment  of  plate       4.16  X  4.38  -  1 8.3  a 
Total  -  i8ja 

e  -  18.33/13.94  -  1,31  in. 

Moment  of  Inertia  Axis  A-A. — The  moment  of  inertia  about  tKe  axis  if- Jf  is  first  determined. 
The  value  of  Ia  is  found  by  subtracting  from  1^,  the  quantity  A^. 

Channels,  a  X  I  -  3       X  39.9   —    79-8  in.' 

Plate,  area  X  square  of  distance  from  center  to  M-M  *  4.38  X  4.16*  =_  75-8   " 
Toul  Im  -  155.6  in-' 

Ia  '  lu  -  A^  -  "55-6  -  1394  X  1.31'  =  131-7  in* 
Moment  of  Inertia  axis  B-B.-~ 

Channels,  2{i.78  +  4,78  X  4.81')  -  334.76  in*. 
Plate,     T*]  6-iP  -  i^  X  A  X  14'  -  Ji^SO   " 
Total  -•  396.26  in*. 

BadfU  of  gyration. 

M,  A-A.  ,,-^i^.  ^li]^.  .  3.07  i„.  (Col.  7) 
Value  of  -  for  bending  in  a  horizontal  plane,  "  ,  ~  ~  36.4  (Col.  8) 


Maximum  l/r  allowed  for  main  compression  members  is  135  so  this  section  is  well  below  the 
limit.  The  maximum  //r  occurs  for  bending  In  a  horizontal  plane  and  is  36.4.  The  allowable 
unit  stress,  5  =  16,000  —  yot/r  -  16,000  —  70  X  36.4  —  13,450  lb.  per  sq.  in.  (Col.  9) 

Actual  area  is  13.94  sq.  in.,  so  the  section  assumed  is  satisfactory  as  sufficient  area  is  provided  and 
no  reduction  is  possible. 

14.  Design  of  Lower  Chord  Lilq'. 

The  lower  chord  carrying  the  maximum  stress  is  LiLj'  so  this  member  should  be  designed 
first. 
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Dead  load  stress,  106,500  lb.  tension 
Live  load  stress,  54,000  lb.  tension 
Impact,  14,600  lb.  tension 

Total         -  175.100  >b.  tension  (Col.  3) 
V/iad,  10,330  lb.  tension  or  compreaMon  (Col.  4) 

The  wind  load  tension  ia  less  than  the  liv^  load  tension,  the  wind  load  tension  is  less  than  35  per 
cent  of  the  sum  of  dead  toad,  live  load,  and  impact,  and  the  wind  load  compression  is  leas  than 
the  dead  load  tension,  so  the  wind  stress  may  be  iteglected  (Col.  5). 
The  net  aiea  required  for  this  member  is 

^  -  ^  =  ^^§~  =  10-95  sq.  in-  (Col.  II) 

Deducting  one  less  holes  than  there  are  gage  lines  on  the  angles  and  considering  a  {  in.  bole  for  a 
I  in.  rivet,  the  following  sections  could  be  used: 

'3  angles  6"  X  6"  X  I",  net  area  -  2(7.11  -  3  X  0.55)  -  i3.o3  sq.  in. 
a  aagka6"  X  4"  X  1",  net  area  —  2(6.94  ~  >  X  0.66}  ••  11.34  *Q-  '»■ 

No  material  thicker  than  I  in.  should  be  used  on  account  of  the  difficulty  in  punching,  so  if  two 
angles  are  used  one  of  the  above  sections  must  be  adopted.  A  more  satisfactory  section  can  prob- 
ably be  obtained  by  using  four  angles.  The  clearance  between  the  gusset  plates  must  be  calcu- 
lated before  the  angles  which  are  to  come  between  the  plates  can  be  determined.  This  distance 
will  be  made  the  same  for  both  upper  and  lower  chords.  The  thickness  of  the  gusset  plates  will 
be  determined  later  under  the  design  of  joints,  but  will  not  exceed  j  in.  The  distance  b.  to  b. 
of  channels  o(  the  top  chord  is  8}  in.,  so  the  clear  distance  between  gusset  plates  is  at  least 
8}  —  3  X  I  «7lin.  To  provide  for  clearance  and  overrun  of  angles,  and  allow  drainage  the  turned 
in  legs  of  the  angles  should  not  be  larger  than  3}  in. 

The  net  area  provided  by  four  angles  5"  X  3i"  X  A"  » 

4(3-53  -  a  X  0.38)  -  11.08  sq.  in. 
The  required  net  area  is  10.95  sq.  in.  so  this  section  will  be  adopted  if  the  ratio  of  l/r  does  not 
exceed  300.     Tlie  5  in.  leg  will  be  fAaced  vertical.     The  radius  of  gyration  about  the  horizontal 
axis  is  1.59  in.  (Col.  7),  and  the  length  is  168  in.  (Col.  6),  making  l/r  -  16S/1.59  -  106  which  is 
satisfactory  (Col.  8). 

The  other  members  are  designed  in  a  similar  manner,  the  results  of  the  calculations  being 
given  in  Table  VII. 

15.  Deaigs  of  Ji^ts. — All  joints  will  be  designed  to  develop  the  full  strength  of  the  members 
and  not  simply  the  calculated  stress. 

The  gusset  plates  will  be  made  at  least  thick  enough  to  develop  in  bearing  the  strength  of 
the  rivets  in  single  shear.  Referring  to  Table  33,  Appendix  111,  this  thickness  is  seen  to  be  A 
in.  The  plates  must  be  of  sufficient  size  to  contain  the  necessary  rivets  and  to  carry  the  stresses 
transmitted  from  the  members. 

All  rivets  will  be  made  J  in.  in  diameter  except  those  in  the  flanges  of  channels  whose  depth  i<i 
less  than  8  in.  (See  Table  17,  Appendix  III,  maximum  rivets  for  channel  flanges.)  The  use  of 
lug  angles  will  be  avoided  wherever  possible. 

TT»e  allowable  values  for  rivets  in  shear  and  bearing  are  given  in  Table  33,  Appendix  111. 

The  arrangement  of  the  members  at  the  joints  is  shown  on  the  general  drawings.  Fig.  16. 
The  gage  lines  of  angles  are  placed  on  the  center  line  of  the  truss.  Where  an  angle  has  two  gage 
lines  the  one  nearest  the  back  is  used.  The  centers  of  gravity  of  the  top  chords  and  end-posts 
are  placed  on  the  center  line  of  the  truss.  The  size  of  gusset  plates  is  usually  determined  by 
the  space  required  for  the  riveta  necessary  to  connect  the  members  to  the  plate.    Except  in  ■ 
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cases  the  size  of  gusset  plates  required  by  the  rivets  will  be  sufficient  for  strer^h.  To  secure 
unifarmity  of  stress  the  rivets  should  be  symmetrically  spaced. 

The  channels  to  be  ngpH  frir  ihp  'Pp  rlip;H_aiiH^j)i-pfjii-  grp  iifti»p  i^etermitiedj^-  rhf  thirlnwi 
oLvehr^r  bearing  oiTfBe  web  may  determine  the  number  of  rivets  required  at  the  joint  Ui,  and 
the  number  of  rivets  determines  the  size  of  plate.  This  «ze  must  not  be  excesNvc.  In  the  design 
of  this  bridge  7  in.  channels  @  9I  lb.  were  found  to  be  satisfactory  for  strength,  but  the  thickness 
of  web  is  only  0.21  in.  This  required  -jrii  j,  Xajooo  ^  ^*  ^^°^  rivets  for  the  member  UiUi. 
Only  two  lines  of  rivets  can  be  placed  in  a  7  in.  channel,  so  the  plate  required  was  excesuvely  large. 
By  using  7  in.  channels  @l3l  lb.  thethicknesa  of  web  is  increased  to  O.318  in.,  which  would  require 
~  30  shop  rivets.  To  avoid  alterations  in  the  de^gn  it  is  desirable  to  design 
and  detail  the  joint  Ui  before  the  top  chord  channels  are  finally  adopted.  In  this  design  8  in. 
channels  were  adopted  because  three  rows  of  rivets  could  be  used. 

16.  Joint  Ui- — This  joint  should  be  designed  first  because  the  size  of  channels  may  be  deter- 
mined by  the  number  of  rivets  required  at  the  end  of  Ui  Ut.  It  would  be  advantageous  to  design 
this  joint  before  the  top  chord  and  end-post  channels  are  selected. 

A  diagram  showing  the  stresses  in  members  fastened  to  the  gusset  plate  at  Vi,  is  given  in  Fig. 
14. 

The  gusset  plates  will  be  shop  riveted  to  the  member  ViU%  and  field  riveted  to  all  other 
members. 

Bearing  controls  the  number  of  rivets  in  L^Ui  at  Vi.    The  number  of  field  rivets  required 

will  be       y  23X20  000  "  *^  °'  '^  °°  ^^^  '*^^' 

The  number  of  shop  rivets  in  UiUt  at  joint  Ui  a  determined  by  bearing,  and  ia 

■  38  or  19  on  each  side. 


.75  X  .22  X  24,000 

The  number  of  field  rivets  in  UyL,  at  joint  U,  is  determined  by  shear,  and  is  -  -  '■'^ZZ  ~  30 
or  10  on  each  side. 

17.  Joint  Lv. — Cast  iton  shoes  will  be  used  at  the  fixed  end,  and  cast  iron  rockers  at  the 
expansion  end.    The  details  of  the  shoes  and  rockers  are  shown  in  Fig.  15. 

The  pin  at  Lt  should  be  made  as  large  as  the  channels  of  LnU^  will  permit  even  though  a 
smaller  [nn  would  safely  carry  the  stresses.  The  sizes  in  most  common  use  are  3,  3I  and  4  inches 
in  diameter.  The  channels  of  the  end-post  are  8  X  ill  lb.  A  pin  3  in.  in  t&meter  will  be  used 
it  the  following  investigation  shows  it  to  have  sufficient  strength. 

For  the  detail  here  used  the  forees  acting  on  the  |Mn  are  all  vertical  and  have  a  magnitude 
equal  to  one-half  of  the  maximum  pedestal  reaction.  This  maximum  will  occur  with  the  bridge 
fully  loaded  and  will  equal  one-half  of  the  sum  of  the  dead  load,  live  load  and  impact  joint  loads, 
multiplied  by  the  number  of  panels  or 

■R  -  i(i7.750  -I-  9.000  +  0.27  X  9.000)5  =  73.000  ">. 
The  arrangement  at  the  joint  is  shown  in  Fig.  14. 

The  thickness  of  the  gusset  plate  is  determined  by  the  bearing  area  required,  and  is 
,  .  _36i500_  _ 

3  X  24,000    °='  ■"■ 

Tlie  thickness  of  the  channel  web  is  0.22  in.,  making  the  required  thickness  of  the  gusset  [date  equnl 
to  0,51  —  0.22  =  0.29  in.  A  ^in.  plate  would  satisfy  this  requirement,  but  a  |-in.  plate 
will  be  used. 

bending  moment  in  the  [nn  is 

a  -  36,500  X  1.71  -  62400  in.  lb. 
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The  maxiraum  shear  on  the  pin  U 

V  -  36,500  lb. 
The  diameter  required  by  bending  moment  is 

-  (^?)'-- (7)'— (fIS)'- '■»»'- 

The  diameter  required  by  shear  is 

The  3-in.  pin  is  therefore  satisEactory  and  will  be  used.  For  bending  moments  on  pins  see  Table 
37,  Appendix  III. 

A  diagram  showing  the  members  fastened  to  the  g^usset  plates  at  Lt  is  given  in  Fig.  14.  Tlie 
stresses  shown  were  determined  by  multiplying  the  allowable  unit  stresses  by  the  gross  area  for 
compression  members  and  by  the  net  area  far  tension  members.  These  values  are  taken  from  Table 
VII.  The  end-post  will  be  shop  riveted  to  the  gusset  plate,  and  the  lower  chord  and  floorbeam 
will  be  field  riveted. 

The  number  of  ]-in.  shop  rivets  required  in  LtUiat  joint  L*  is  determined  by  bearing  on  the 
web  of  the  channels,  and  is 


148,200 


-  ->  38  or  19  on  each  side. 


.75  X  .22  X  24,000 
The  number  of  }  in.  field  rivets  required  in  LtLi  at  joint  Lt  is  determined  by  single  shear, 

^^^-.5  or  8  on  each  side. 

4r420 

The  number  of  J-in.  field  rivets  required  between  the  connection  an^es  of  the  floorbeam 
and  the  gusset  [date  is 

4,430 


The  section  area  of  gusset  plate  required  to  carry  the  stress  tn  LtLi  is  equal  to  the  net  area 
of  the  member,  or  4.03  sq.  in.     With  two  gusset   plates  each  )  in.  thick  the  effective  net  width 


It  is  evident  from  the  detail  drawings  that  sufficient  area  has  been  provided. 
The  number  of  field  rivets  required  for  all  bottom  laterals  is 


.25  X  3,7SO 


18.  Joint  Lj. — A  diagram  showing  the  members  fastened  to  the  gusset  plates  at  Li  is  given 
n  Fig.  14.    The  stresses  shown  are  determined  as  explained  under  the  design  of  the  joint  L*. 
The  gusset  plates  will  be  shop  riveted  to  LiLi  and  field  riveted  10  all  other  members. 
The  number  of  |-in.  field  rivets  required  by  UiLi  is  determined  by  single  shear,  and  is 

22:^ —  =  30  or  10  on  each  side. 
4,420 

The  number  of  |-in.  field  rivets  required  by  Li  U\  is  determined  by  single  shear,  and  is 
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The  number  of  I-in.  field  rivets  required  by  LtLi  is  determined  by  single  shear,  and  U 

^322-, 5  or  8  on  each  ride. 
4,420 

The  bottom  lateral  plate  is  field  connected  to  this  member  and  will  assist  in  transmitting  strm 
from  LtLi  to  LiLi.    The  maximum  stress  which  can  be  carried  in  this  way  is  equal  to  the  stress 
value  of  the  legs  riveted  to  the  plate.     This  stress  value  should  be  determined  for  LtLi  and  L,Lt 
and  the  lesser  value  used.     It  is  evident  that  £<>L,  controls.    The  portion  of  the  net  area  furnished 
by  the  attached  legs  is  4.02  X  3-5  +  8,5  =  1.66  sq.  in.  which  carries  a  stress  of  1.66  X  16,000 
"  26,500  lb.    The  number  of  rivets  required  to  develop  this  stress  in  single  shear  is 
26,500  _  g  -    , 
4,420 
so  the  number  oF  rivets  between  the  lateral  plate  and  the  angles  of  LoLt  is  3  for  each  angle.     This 
enables  the  rivets  in  the  gusset  plate  to  be  reduced  to  8  —  3  =  5  on  each  side.     If  more  rivets 
are  uaed  in  the  lateral  plate  only  three  can  be  counted  on  each  side  in  reducing  the  number  of 
rivets  in  the  gusset  plates. 

The  number  of  ]-in.  shop  rivets  required  for  Z.1Z.1  is  determined  by  bearing  on  the  gusset  [^te. 
A  1-in.  gusset  plate  will  be  used  so  the  number  required  is 

'«»^""°'"°°  "'*"'*■ 

This  number  can  be  reduced  by  3  for  each  side  as  calculated  under  LtLi  malcing  9  on  each  side.  Dot 
considering  the  difference  in  value  of  field  and  shop  rivets  in  this  case. 

The  number  of  field  rivets  required  at  the  ends  of  the  bottom  laterals  is  3  as  calculated  under 
the  joint  Lt.    This  number  will  be  used  throughout  the  bridge. 

The  number  of  1-in.  field  rivets  required  for  the  floorbeam  connection  is  the  same  for  all 
intermediate  floorbeams  and  is 

35.809  -  8  rivets 
4.420 

19.  Joint  Di. — The  arrangement  of  the  members  connected  to  the  gusset  plates  at  Ui  is 
shown  in  Fig.  14.     The  stresses  are  calculated  as  cx|^ined  under  the  joint  In. 

The  member  VtUi  will  be  shop  riveted  to  the  gusset  plate.    All  other  members  wiU  be  field 

When  a  member  is  spliced  at  a  point  away  from  the  joint  and  the  abutting  ends  are  milled, 
the  splice  is  usually  designed  to  carry  from  50  to  75  per  cent  of  the  total  stress.  It  the  ends  are 
not  milled  the  full  stress  should  be  used.  In  the  bridge  under  consideration  the  splice  b  fdaced 
at  the  joint.  If  the  abutting  ends  are  milled  the  member  carrying  the  smaller  stress  would  be 
deugned  to  carry  50  to  75  per  cent  of  this  stress,  while  the  member  carrying  the  larger  stress 
would  be  designed  to  carry  50  to  75  per  cent  of  the  smaller  stress  plus  the  total  value  of  the  dif- 
ference in  the  two  stresses. 

If  the  splice  is  at  the  joint  and  the  members  are  not  milled  each  connection  should  be  designed 
to  carry  full  stress  in  the  member.  As  the  stresses  are  not  large  enough  to  require  excessiv* 
gusset  plates  if  the  connections  are  designed  for  the  full  stress,  and  conridering  the  uncertainty 
of  the  bearing,  this  method  will  be  adopted  and  no  reliance  will  be  placed  on  the  milled  ends. 

The  number  of  J-in.  field  rivets  required  for  UiUt  is  determined  by  bearing,  and  is 

.75  x'.3J  X  20  000  "  *^  °'  *^  *"  "^^  ^"^' 
The  14  in.  X  A  <«•  cover  plate  should  be  spliced  for  its  full  stress  value  of  4.38  X  I3.460  -  59,000 
lb.    The  number  ol  field  rivets  required  at  one  side  of  the  splice  is 
5?!22?  =  ,4  rivets. 
Ttumber  of  rivets  required  in  the  gusset  plates  can  be  reduced  to  23  —  7  «  16  on  each  mk, 
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The  number  of  {  in.  ahop  rivets  required  for  U^Ut  is  determined  by  single  shear,  and  is 

187,600        ,        „  .. 

— °>  36  or  iS  on  one  side. 

5,300 

The  number  of  1  In.  shop  rivets  required  to  develop  the  cover  plate  is  (field  rivets  were  used) 


EO  the  number  of  rivets  required  in  gusset  plates  can  be  reduced  to  18  —  6  >■  12  on  each  side. 
The  Dumber  of  1-in.  lield  riveta  required  for  LiVt  is  determined  by  single  shear,  and  is 

§5:^  =  13  or  7  on  each  side 
4.420 
and  for  V%Lt  is 

^^^^  -  14  or  7  on  each  ude. 
4,420 

30.  Joliit  Lt. — The  member  LiLj  will  be  shop  riveted  to  the  gusset  [^te.  All  other  members 
will  be  field  riveted. 

The  number  of  1-in.  ^op  rivets  required  in  L\Lt  is  determined  by  bearing  on  the  |-in.  gusset 
plate.    The  number  is 

!|M??-.3o,.=  oneach.ide. 

The  bottom  lateral  plate  is  shop  riveted  to  LiLt  and  field  riveted  to  L|L|.  The  stress  value 
of  the  legs  riveted  to  this  plate  can  be  transmitted  through  the  plate.  The  stress  value  of  LiLi 
controls.  The  portion  of  the  net  area  furnished  by  the  legs  is  9,54  X  3-5  +  8.5  =  3.92  sq.  in., 
which  carries  a  stress  of  3,92  X  16,000  =  63,000  lb.  The  number  of  |-in.  shop  rivets  required 
to  develop  this  stress  in  single  shear  is  63,000/5,300  =  12  rivets,  so  that  the  number  of  rivets 
between  the  lateral  plates  and  the  angles  of  L,Li  a  3  for  each  angle.  This  enables  the  number  of 
rivets  in  the  gusset  plate  to  be  reduced  to  13  —  6  or  6  rivets  on  each  side. 

The  number  of  )-in.  field  rivets  required  for  V%Lt  is  determined  by  single  shear,  and  is 

^^^  "  14  or  7  on  each  wdc. 
4,420         ^      ' 

The  number  of  1-in.  field  rivets  required  for  L\Ui  is  determined  by  bearing,  and  is 

39.100  .    .. 

^^ —  =  10  or  5  on  each  side. 
3,750  ^ 

The  number  of  1-in.  field  rivets  required  for  LtLt  is  determined  by  bearing  on  the  {-in.  gusset 
plate,  and  is 

.176,500  ,  ... 

-^—r — ■  =  32  or  16  on  each  side. 
5.630 

This  number  may  be  reduced  by  6  on  each  side  as  calculated  imder  LtLt,  making  10  on  each  side 
not  considering  the  difference  in  value  in  shop  and  lield  rivets. 

31.  Joint  U]. — The  number  of  1-in.  field  riveta  required  for  LtUt  is  determined  by  bear- 
ing, and  is 

^ —  =  10  or  5  on  each  aide. 
3.750 

The  number  of  rivets  at  joint  Vt  between  the  upper  chord  and  gusset  plate  must  be  suflicicnt 
to  transfer  to  the  gusset  plate  the  maximum  difference  in  stress  between  the  members  V,U,  and 
VtVt'.  This  occurs  when  f  iLj'  has  its  maximum  stress.  The  difference  ia  SP-tan  9  -f  impact 
-f  diflference  in  dead  load  stresses  -  !  X  9,000  -^  .27  X  !  X  9,000  +  o  -  10,800  -f  2,930  = 
13,720  (The  stress  in  ViV,  and  U,Vi  may  be  calculated  by  algebraic  moments,  with  loads  at 
L%  and  L\'.    This  serves  as  a  check  method.) 
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(a)  Top  Choro  Sectiom 


l^'IIMx!3SgO=J49Saj 


(b)  Jmm  u, 


Q     -^—      J  Disttnces  measured      W~ 

] from  centers  of  baring^ 

I     ]  1 1       )    aur^ets. 


If)  Joint  U^ 


3.54x16  m'Sjm^/ii.otxiem^  msoe 
(g)  Joint  i. 
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The  number  o[  i-ia.  shop  ri 
and  is 


a  required  in  UtUt'  at  Ui  will  be 


5.300 


=-3" 


In  order  to  make  a  firm  connection  a  greater  number  will  be  used. 

23.  End  Bearings. — Rocker  or  roller  bearings  are  required  on  spans  of  70  ft.  or  more,  so  must 
be  used  for  this  bridge. 

13.  Design  at  Cut  Iron  Rockers.  The  type  of  rocker  shown  in  Fig.  15  will  be  used.  The 
maximum  pedestal  reaction  asdetermined  in  par.  17,  is  73,0001b,  The  area  of  each  masonry  plate 
must  be  IV  =  121  sq.  in.,  where  600  b  the  allowable  bearing  stress  on  concrete  masonry. 
The  length  of  the  rocker  will  be  taken  as  23  inches  so  the  bearing  stress  between  the  rocker  and 
the  plate  m  p  =  —~- —  "  3.i7*>  'b-  per  lineal  inch.  The  allowable  bearing  strese  is  300  d 
pounds  per  lineal  inch  ot  300  X  18  =  5.400  lb.  per  Un.  in. 


«*■ 


(a)     O^T  IRON  Rocker 

-X-CX- 


■  JS±, 

HHHHtHtl 
I     //.»"j    if,}  I 

fdgCES  ON  Rocker 


«»» 


i''   'frflim- 


{b)   PEDESTAL  J  Fixed  End 

Fig.  15. 


■■i,--'" 


Forces  on  pedestal 


The  forces  acting  on  the  rocker  are  shown  in  Fig.  15.    The  section  will  be  investigated  as  a 
itilever  beam  with  an  effective  length  of  11}  —  (5I  +  i\)  "  4I  in., 

Mt  -  3,170  X  ^~  -  -  37,700  in.-lb. 

M,--  3,170  X  i^  +  36,500  X  5-88  -  +  4,750  in.-lb. 

:ia  of  this  section,  graphically  determined,  is  28.88  in.*,  c  —  3  in.,  so  the 


The 
largest  bending  stress  is 
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which  is  safe,  so  a.  depth  or  4  inches  is  sufficient  for  bending.  The  shear  to  the  left  a(  the  upright 
is  4.88  X  3.170  =  15.460  lb.  and  to  the  right  is  (i  1.50  -  5.i3)3,I?o  -  36,^00  -  16,300  lb.  The 
sectiiHi  area  is  31.04  sq.  in.  so  the  largcBt  average  unit  shear  la 

j^  =  525  lb.  per  sq.  in. 

The  depth  of  4  inches  is  sufficient  for  bending  and  shear  so  will  be  used. 

The  thickness  of  the  upright  will  be  determined  by  the  bearing  area  on  the  [nn.     Uuag  an 

allowable  bearing  Btress  ol  9,000  lb.  per  sq.  in.  for  cast  iron,  for  a  3-inch  faa,  we  have  2  X  3  X  t 

X  9.000  •>  73,000  or  (  -  1.35  inches,     it  inches  will  be  used. 

The  unsupponed  length  of  the  upright  is  5  inches  and  with  a  thickness  of  i)  inches,  tbere 

will  be  no  column  action. 

The  type  of  pedestal  shown  in  Fig.  15  will  be  used  at  the  fixed  end.     The  same  bearing  stress 

on  the  masonry  exists  here  as  at  the  expansion  end.     The  forces  acting  are  shown  in  Fig.  15. 

The  maximum  bending  moment  is   —  37,700  in. -lb.     The  moment  of  inertia  of  the  section  is 

A  X  12  X  2.S'  =  15.6  in*- 

P      37.700  X  1.25  It  t 

■        T^.6 —   "  ^'°  °  '**■  ^'^  *•■  '"• 
The  maximum  shear  is  16,300  lb.,  and  the  maximum  average  unit  shear  is 
-  =  540  lb.  per  sq.  in. 


16,300 
2iXI     ' 


The  uprights  will  be  the  same  as  at  the  expansion  end.    The  unsupported  length  is  7  inches, 
which  is  not  sufficient  to  require  an  investigation  as  a  short  column. 

34.  General  Drawings. — The  general  drawings  are  shown  in  Fig.  16. 
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CHAPTER  XIV. 
Design  of  High  Truss  Steel  Highway  Bridges. 

Introdaclion. — The  different  typea  of  trusses  in  use  for  high  truss  bridges  are  described  in 
Chapter  VIII.  Through  truss  bridges  with  spans  of  from  80  to  160  feet  are  built  with  parallel 
chords,  and  with  either  pin-connected  or  riveted  joints.    For  spans  of  160  to  300  feet,  bridges  are 


Fig.  3.    High  Tbuss  Stbel  Highwat  Bridge.    Wisconsin  Highway  Coiimission. 

usually  built  of  the  Pratt  type  with  inclined  upper  chord  (camel-back)  trusses.    For  spans  of 
200  feet  and  over,  btidgee  ar«  usually  built  with  subdivided  panels.    The  Petit  type  of  t 
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TABLE  I. 

SuMHAKT  OF  Weight  of  Mbtal. 

Ill'  6"  X  iB'  o"  Riveted  Highway  Budge. 


Rri.  No. 

Mt»iber. 

Wei|*». 

DeuikFtfCui 
ofHti-Moolw*. 

IteiDHnit-n. 

DMalb. 

T«.1. 

3 
4 

1 

7 
S 

•3 
U 

11 

17 

Top'^ori.. 

Lower  Chordi. 

Intermediate  Poau. 

Main  Tie». 

Hip  Verticils. 

Countera. 

Floorbeam*. 

Stniu. 

Top  Ulerals. 

Bottom  Laterala. 

Portals. 

Pins  and  Nuts. 

Pedotals. 

S.S9* 
S.900 
S.*3J 

'f 

\i&  - 

>.73» 

3,891 

3.94» 

.,« 

109 

2,130 

544 

.    ,if 

6» 

86 

.     i.949 

9.484 
9.84» 
S.674 
S.377 
3.658 
1. 019 
1.165 
10.580 

'f£ 

'•'& 

1,949 

67.0 
67.0 

|s 

ti6.o 
15.0 
19.0 
9.0 

$i 

7-0 

lei 

37.298 

17.503 

54,801 

46.9 

Toul  Weight  of  Meul  in  Bridge,  ewluiive  of  9,  10,  n,  18  and  19  =  s4.8oi  lb.                         ) 

9 

■8 
>9 

Hub  Guard. 

End  Stnils. 
Bolu  lor  Lumber. 
Spike*  for  Lumber. 

I3,8S* 

i.zoo 

j67 

J89 

14 

9.0 
11.0 
36X. 

i6,7ij 

3,J88 

30,101 

13.0 

T 

tal  Metal  in  Bridge. 

64.011 

10,891 

84.901 

33-0 

TABLE  II. 

Data  on  Standabd  Steel  High  Truss  Highwav  Bridges. 

Wisconsin  Highway  Coumission. 


Wdihi  of  Slruounl  Si«1  in  Truu.  Floorbwu      1 

SpM,  Fi. 

Heitlil  ^  Truu, 
Fl. 

t6  Fl.  Rotiny,  Lb. 

■  B  Ft.  Rowing.  Lb. 

IS 

6 

34' WO 

36,500 

96 

18 

39,820 

46^00 

7 

51.800 

56,300 

no 

10 

8 

S4.9°o 

S9.700 

118 

11 

8 

58,300 

61,0+0 

140 

[r, 

8 

65.800 

71,870 
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been  cominoDly  uaed  for  hag  span  bridge^  but  the  K-type  of  truss  has  the  advantage  of  smalkr 
Bccondary  stresses  and  aimplicity  of  deu([n  and  ease  of  erection,  and  is  rafudly  coming  into  use. 
Ki^  truss  pin-connected  bridges  should  never  be  built  with  lees  than  live  panels. 

The  Iowa  Highway  Commission  uses  high  trutaea  for  spans  of  100  ft.  and  over,  riveted  mth 
parallel  chords  to  140  ft. 

The  Illinois  Highway  Commission  uses  high  trusses  for  spans  of  90  ft.  and  over,  riveted  with 
parallel  chords  to  160  ft.  For  spans  longer  than  t6o  ft.  trusses  may  be  riveted  or  |»n-connected 
with  parallel  or  inclined  chords. 

The  Massachusetts  Public  Service  Commission  uses  high  trusses  for  spans  of  too  ft.  and  over, 
riveted  to  125  (t.,  and  riveted  or  pin-connected  for  spans  over  125  ft. 


Fig.  4.    Detail  Plans  of  Tbsough  Truss  Span.    Wisconsin  Highway  Commission. 

The  Wisconsin  Highway  Commission  uses  high  trusses  of  the  Pratt  type  with  riveted  con- 
nections for  spans  of  80  to  150  ft. 

The  American  Bridge  Company  has  [vepared  standards  of  high  trusses  of  the  Warren  type 
with*spans  of  104  to  204  ft.  with  riveted  connections.  The  bridges  have  parallel  chords  up  to 
150  ft.  and  inclined  chords  for  Itmger  spans. 

MVBTBD  HIGHWAT  BRIDG8S.— The  detail  shop  [dans  of  a  iii-ft.  6-in.  span  riveted 
Pratt  truss  highway  bridge,  as  built  for  the  U.  S.  Government  by  the  Chicago  Bridge  and 
Iron  Co.,  Chicago,  111.,  are  shown  in  Fig.  I  and  Fig.  a.  The  top  chords,  the  end-posts  and  tbe 
intermediate  posts  are  made  of  two  channels  laced  on  both  sides,  while  the  bottom  chords,  hip 
verticals  and  diagonal  ties  are  made  of  two  angh»  fastened  together  with  tie  jdates.  The  fioor- 
beami  are  18"  @  55  lb.  I  beams  and  are  riveted  below  the  lower  chords.    The  joists  are  carried 
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by  connection  angles  riveted  to  the  webs  of  the  floorbeams.  The  portals  and  the  sway  struts 
are  made  of  angles.  The  top  and  bottom  laterals  are  made  of  adjustaUe  rods.  The  espaiuion 
end  of  the  bridge  is  carried  on  two  neats  of  expanEion  rollers,  each  nest  being  composed  of  four 
3I  in.  rollers.  The  floor  covering  is  composed  of  a  bottom  layer  of  3  in.  X  8  in.  pine  plank  laid 
transversely  and  spiked  to  3  in.  X  5  in.  spiking  strips  that  are  bolted  to  the  tops  of  the  joists, 
and  a  top  layer  of  3  in.  X  8  in.  oak,  laid  diagonally.  The  6  in.  X  8  in.  pine  felloe  (wheel)  guard 
has  its  edge  protected  by  an  angle  3"  X  3"  X  1".  The  detailed  estimate  of  the  weight  of  this 
bridge  is  given  In  Table  I.  Tlie  per  cent  of  details  in  this  bridge  is  quite  high,  due  to  the  fact  that 
the  end-posts  and  the  top  chords  are  made  of  two  channels,  laced. 
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TABLE  II L 
luss  Spans — General  Data  and  EsnyATSD  Quahtitiks, 
Iowa  Highway  Commission. 
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General  de«gn  plans  and  data  for  a  high  truss  steel  highway  bridge  with  a  span  of  i  tx  ft. 
and  an  18  ft.  roadway,  as  designed  by  the  Wisconsin  Highway  CommisMOn  are  given  in  Fig.^ 
Detail  drawings  of  a  iio  ft.  span  high  truss  bridge  are  given  in  Fig.  4.  Standaid  plans  have  been 
prepared  for  spans  of  from  90  to  150  ft.,  with  16  ft.  and  18  ft.  roadway.  All  spans  have  ooe  «tid 
carried  on  rockers  as  shown.  Data  on  these  standard  bridges  are  given  in  Table  IT.  Tbeae 
designs  have  been  worked  out  very  economically  by  Mr.  M.  W.  Torkelson,  bridge  engineer,  and 
represent  about  the  extreme  economy  in  deugn  that  will  conform  to  good  practice. 
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Details  of  a  high  truss  steel  highway  bridge  as  designed  by  the  Iowa  Highway  Commission 
are  given  in  Fig.  5.  Standard  plans  have  been  prepared  for  spans  of  90  ft.  to  150  ft.,  varying 
by  loft,  intervals,  and  with  roadways  of  16  ft,  and  r8  ft.  All  spans  have  one  end  carried  on  rockers 
aE  ihown.  Data  on  these  standard  bridges  are  given  in  Table  III.  The  designs  are  well  worked 
out  and  represent  good  practice,  except  that  the  collision  strut  in  the  first  panel  should  be  omitted. 
Details  of  a  I30  ft.  span  riveted  truss  steel  highway  bridge  designed  by  Mr.  H.  S.  Crocker, 
consulting  engineer,  Denver,  Colorado,  are  shown  in  Fig.  6  and  Fig.  7.  This  bridge  has  a  timber 
floor  carried  on  timber  joists.  The  expansion  end  of  the  bridge  is  carried  on  3  in.  steel  rollers. 
This  bridge  was  designed  for  country  roads  and  represents  good  practice. 

PIN-CORNECTED  HIGHWAY  BRIDGES.—Shop  details  of  a  132-ft.  span  pin-connected 
stee!  highway  bridge  de»gned  for  the  Reclamation  Service  are  given  in  Fig.  8,  Fig.  9,  and  Fig.  JO. 
The  3-in.  titnber  floor  is  carried  on  steel  joists.  The  expansion  end  of  the  bridge  is  carried  on  steel 
rollers.  The  details  of  this  bridge  are  well  worked  out,  and  the  plans  are  very  complete.  The 
estimated  weight  of  this  span  not  including  steel  joists  and  fence  was  44,670  lb. 

The  general  drawings  and  stress  sheet  for  the  224  ft.  by  18  ft,  span  ste?!  truss  highway  bridge 
built  over  the  Big  Vermillion  River  in  La  Salle  County,  Illinois  is  shown  in  Fig.  11.  This  crossing 
consists  of  one  224  ft.  steel  truss  bridge  and  four  45  ft.  reinforced  concrete  through  girder  spans, 
on  reinforced  concrete  piers  and  abutments.  A  view  of  the  complete  bridge  is  shown  in  Fig.  4, 
Chapter  XVII.  This  bridge  was  derigned  in  1914  under  the  specifications  for  steel  highway 
bridges  prepared  by  the  Illinois  Highway  Commisnon.  The  allowable  tensile  stress  in  eye-bars 
was  i8,OQ0  lb.  per  sq.  in.  The  4-iQ.  reinforced  concrete  slab  floor  was  covered  with  a  4-in.  con 
Crete  wearing  surface. 

Ec(HK>inic  Depth  and  Panel  LengA  of  Trasses. — The  economic  depth  and  panel  length  of 
trusses  is  not  capable  of  mathematical  calculation.  The  minimum  depth  is  determined  by  the 
required  clear  head  room,  which  varies  from  laj  to  15  ft.  Short  panel  lengths  give  heavy  trusses 
and  light  floor  systems;  while  long  panels  give  light  trusses  and  heavy  floor  systems.  For  ordinary 
conditions  it  is  not  economical  tc  use  panel  lengths  less  than  15  ft.  for  short  spans  nor  more  than 
3j  ft.  for  long  spans.  The  minimum  depth  for  through  spans  is  about  16  feet  where  the  floor- 
beams  are  placed  below  the  lower  chords.  To  make  a  stiff  structure,  the  depth  should  be  suthcient 
to  permit  the  placing  of  the  floorbeams  above  the  lower  chords  and  to  permit  of  efficient  portal 
and  sway  bracing.  Experience  has  shown  that  the  most  economical  conditions  occur  when  the 
angle  S,  the  tangent  of  which  is  the  panel  length  divided  by  the  depth,  is  about  40  degrees.  The 
top  chord  points  of  bridges  with  inclined  chords  should  be  approximately  on  a  parabola  pasang 
through  the  pin  at  the  hip.     For  a  discusuon  of  economic  span  of  bridges,  see  Chapter  XV. 

DepQi  and  Panel  Length  of  High  Tni8ses.^The  depths  and  number  of  panels  in  Iowa 
Highway  Commission  high  truss  riveted  bridges  are  as  follows:  Pratt,  riveted  trusses,  90-ft. 
span,  5  panels,  20  ft.  deep;  loo-ft.  and  iio-ft.  spans,  6  panels,  10  ft.  deep;  120-ft.  span,  7  panels, 
30  ft.  deep;  140-ft.  span,  8  panels,  21  ft.  deep.  The  depths  and  number  of  panels  in  Wisconsin 
Highway  CommiEsion  high  truss  riveted  bridges  are  as  follows;  90  ft.  and  96  ft.  span,  6  panels, 
18  ft.  deep;  IOO.ft.  span,  6  panels,  20  ft.  deep;  lOS-ft.  span,  7  panels,  20  ft.  deep;  120-ft.  span, 
S  panels,  20  ft.  deep;  laS-ft.  span.  S  panels,  21  ft.  deep;  140  'ft.span,  8  panels,  20  ft.  deep,  at  hip 
and  27  ft.  deep  at  center;  150-ft.  span,  8  panels,  20  ft.  deep  at  hip  and  28  ft.  deep  at  center. 

The  depths  and  number  of  panels  in  American  Bridge  Company's  high  truss  bridges  are  as 
follows:  Riveted  and  pin.oonnected  trusses  with  parallel  chords,  So-ft.  to  90-rt.  span,  3  panels, 
depth  equal  to  panel  length;  90-ft.  to  I20.ft.  span.  6  panels,  depth  equal  to  panel  length;  120-ft. 
span  to  140-ft.  span.  7  panels,  depth  equal  to  panel  length,  t2o-ft.  to  i68-ft.  span,  8  panels,  ratio 
of  depth  to  panel  length  1. 1.  For  bridges  with  inclined  chords  with  spans  of  162  ft.  to  180  ft., 
9  panels,  and  ratios  of  depth  to  panel  length  of  i.o  ,1.16,  1.25  and  1.29;  190-ft.  to  220-ft.  span, 
9  panels  and  ratios  of  depth  to  panel  length  of  i.o,  1.24,  1.38  and  1.43.  For  Petit  trusKs,  240.ft. 
to  27&-rt.  span,  IZ  panels,  and  ratios  of  depths  to  panel  length  of  1.0,  1.4,  1.6  and  t.7:  294.ft.  to 
323-ft.  span,  14  panels,  and  ratioa  ol  depth  to  panel  length  of  1.0,  1.36,  1.60,  1.8  and  2.0. 
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The  Design  op  a  ti3  ft.  Span  High  Riveted  Pratt  Tbuss  Bridge. 

1.  General  Description  of  Bridge. — This  is  to  be  a  through  bridge  having  riveted  Pratt 
tnnecB  with  parallel  chords.  The  Roor  is  to  be  compoeed  of  a  reinforced  concrete  slab,  with  addi- 
tional wearing  surface,  placed  on  I-beam  joists. 

2.  LOADS.  Dead  Load. — The  dead  load  convsts  of  the  weight  of  the  reinforced  concrete 
floor  sUb  at  150  lb.  per  cu.  ft.,  the  joists,  floorbeams,  trusses  and  lateral  bracing. 

Lire  Load. — This  bridge  will  be  designed  for  Class  Dg  loading  which  provides  for  a  zo-ton 
concentrated  load  or  a  uniform  load  of  100  lb.  per  sq.  ft.  of  roadway  for  the  floor  and  its  sup- 
ports. The  live  load  for  the  trusses  is  given  in  Table  1  of  the  specifications  in  Appendix  I  as 
78  lb.  per  sq.  ft.  of  roadway. 

Impact.— The  specifications  provide  for  an  allowance  for  impact  of  30  per  cent  of  the  live 
load  for  the  floor  and  its  supports,  and  of 


1,-1-300      112-1-300 


=  24.3  per  cent 


for  the  truss  members. 

Wind  Load. — The  specifications  require  that  the  lower  lateral  bracing  be  designed  for  a 
moving  wind  load  of  300  lb.  per  foot  of  bridge,  and  the  upper  lateral  bracing  be  designed  for  u 
moving  wind  load  of  150  lb.  per  foot  of  bridge. 

3.  DimenAiofu. — Span,  I13'  o"  c.  to  c.  of  end  bearings;  panel  length,  16'  o";  width  of 
roadway  16'  o";  spacing  of  trusses,  17'  3"  c.  to  c. 

4.  Depdi  of  Trusses. — The  trusses  must  have  a  depth  sufKcient  to  provide  bead  room  of 
15  ft,  for  a  width  on  the  center  line  ol  bridge  of  8  ft.  The  bottom  of  the  floorbeam  will  be  placed 
even  with  the  bottom  of  the  lower  chord  angles  or  about  3  in.  below  the  center  line  of  the  chord. 
The  floorbeam  will  probably  have  a  depth  of  20  in.  and  the  slab  a  depth  of  6  in.  See  Table  I, 
Chapter  X.  The  top  of  the  joist  will  be  even  with  the  top  of  the  floorbeam.  Using  a  depth  of 
20  ft.  c.  to  c.  of  chords  the  various  parts  will  occupy  the  following  depths. 

Headroom 15'  o", 

Floorbeam i'  6". 

Slab 0'6": 

Portal j'o". 

Total 20'  o"'. 

5.  DBSIGH  OF  FLOOR  STSTEH.— The  methods  used  in  the  design  of  the  floor  system 
of  this  bridgje  are  given  in  Chapter  X,  and  will  not  be  repeated. 

The  slab  will  be  found  in  Table  I,  and  the  joists  and  floorbeams  will  be  found  in  Fig.  8, 
Chapter  X. 

The  following  floor  system  will  be  used: 

Slab;  total  thickness  6  in.,  depth  to  center  of  steel  5  in.  Reinforcement  at  right  angles  to 
joist;  )  in.  square  rods  5)  in.  c.  to  c.  Reinforcement  parallel  to  jtusts;  two  }  in.  square  rods 
between  adjacent  joists. 

Joists,  10  in.  i's  @  25  lb.  spaced  about  3  ft.  2  in.  c.  to  c.  Intermediate  floorbeams,  zo  in.  I'e 
@  80  lb.    End  floorbeams,  30  in.  I's  @  65  lb. 

The  estimated  weight  of  the  floor  system  is  25,500  lb.  per  panel. 

In  order  to  calculate  the  live  load  floorbeam  reactions  it  ia  necessary  to  calculate,  first,  the 
maximum  load  that  can  come  on  a  floorbeam  and  second,  the  maximum  reaction  that  can  occur 
due  to  this  load.    From  (a),  Fig.  13,  the  greatest  live  load  that  can  come  on  the  floorbeam  will  be 
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14  +  4  X  6/16  =  15.5  tons.    From  (6),  Fig.  13,  it  will  be  seen  that  the 
occur  with  the  wheels  as  shoivn.     (The  truck  is  assumed  as  to  feet  wide.) 


11.63X15-5., 
17-25 


-  X  3,000  =  30,90a  lb. 
6T.  7.75T.      7.75T. 


Q6T.  7.7ST.      7.n 

o  I     i 

(a)  ^----^..-^ 


Fig.  13. 

Allowing  30  per  cent  Cor  impact  the  reaction  will  be 

1.30  X  30,900  =  37,300  lb. 

Intermediate.  End. 

D.  L.  floorbeam  reaction i3,7So  lb.  6,375  lb. 

L.  L.  and  Impact  Roorbeam  reaction 37,200  "  27,200  " 

Total -floorbeam  reaction 39<9So  lb.  33.575  lb. 

6.  Joint  Loads. — Dead  Vemd. 

Trusses  (including  Bracing,  Portals,  Laterals  and  railing) 55.6oo  lb. 

Joists 18,000  " 

Floor  system  (estimated) 160,400  " 

Total 334,000  lb. 

Dead  joint  load,  334,000/14  =  16,700  lb. 
Live  Load,  78  X  16  X  16  +  2  =  10,000  lb.  per  joint. 
Impact,  10,000  X  0.343  =  2,430  lb.  per  joint. 
Wiftd  fomi.^Upper  chord,  150  X  16  =  2,400  lb.  per  joint  as  a  moving  load. 
Lower  chord,  300  X  16  —  4,800  lb.  per  joint  as  a  moving  load. 

7.  Dead  Load  Stresses. — The  dead  load  stresses  as  calculated  by  the  method  of  coefficienta 
are  shown  on  the  stress  sheet  in  Fig.  14. 

8.  Uve  Load  and  Impact  StresMS. — The  live  load  stresses  and  impact  ttresoes  are  ahomi 
on  the  stress  sheet  in  Pig.  14.  The  live  load  stresses  were  calculated  by  the  method  of  coefficieatB 
and  the  impact  stresses  were  calculated  by  multiplying  the  live  load  Btresaea  by  the  impact  factor 
0.343. 

The  stress  in  the  hanger  V\L\  is  equal  to  the  end  shear  of  the  floorbeam  as  calculated  in  the 
design  of  the  floor  system,  and  is  30,900  lb.  for  live  load  only,  and  37,200  lb.  including  30  per  ceM 

9.  WCnd  Load  Stresses. — In  the  calculation  of  (he  stresses  due  to  wind  the  entire  wind 
load  on  the  top  chord  will  be  carried  along  the  top  chra-d  to  the  portal  by  the  top  lateral  syBtcn. 
none  of  it  being  considered  as  carried  down  the  posts  to  the  bottom  lateral  system,  the  sway  btadoi 
at  the  intermediate  posts  being  made  light. 

The  total  wind  load  is  considered  as  concentrated  at  the  joints  of  the  windward  truss  for  bott 
upper  and  lower  lateral  systenu.  One-half  of  the  load  is  sometimes  considered  as  acting  on  tfae 
'■teward  ude,  eapccially  for  the  unloaded  chord  since  it  is  not  sbelteied  by  the  floor  system.     Tt» 
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distribution  does  not  alTect  the  stresses  other  than  those  in  the  lateral  struts  and  the  effect  there 
is  negligible.  All  of  the  wind  load  shear  in  any  panel  of  the  upper  or  lower  lateral  systems  is 
considered  as  being  carried  by  the  member  which  will  take  it  in  tension,  the  compression  in  the 
member  with  opposite  inclination  being  neglected.  Tbe  effect  of  the  solid  floor  is  not  considered, 
although  after  the  bridge  is  completed  the  lower  laterals  will  not  be  necessary,  as  far  as  wind 
stresses  are  concerned. 


i. ,: 

(6  J  PORTAL  SECnOtl 


(a)  End  PosTSECTion 


Fig.  15. 

The  wind  load  stresses  as  calculated  by  the  method  of  coefficients  are  shown  on  the  stress 
sheet  in  Fig.  14. 

The  portal  will  be  oE  the  type  shown  in  Fig.  14,  the  horizontal  member  being  placed  so  as  to 
allow  the  required  headroom  tA  15  feet.  It  has  been  found,  par.  4,  that  the  portal  may  occupy  a 
vertical  depth  of  3'  o",  which  gives  3.00  sec  6  =  3.85  ft.  ^  3'  10"  measured  along  the  end-post. 
Allowing  for  the  distance  from  the  gage  line  to  the  lower  edge  of  the  member  DE,  a  depth  of  3'  6" 
will  be  adopted. 

The  end-posta  will  be  considered  as  fijted  at  the  base,  i  30,  and  the  point  of  contraflexure 
midway  between  the  foot  of  the  main  diagonal  and  L*.  The  stresses  in  the  portal  and  end-poets 
are  shown  on  the  stress  sheet  in  Fig.  14. 

10.  DESIGN  OF  TRUSSES  AND  LATERAL  SYSTEMS.  Stress  Sheet-— Before  pro- 
ceeding to  the  design  of  members  the  stresses  due  to  the  various  loadings  will  be  collected  on  the 
stress  sheet  in  Fig.  14.  As  soon  as  the  size  of  each  member  is  determined  it  will  be  recorded  on 
the  stress  sheet. 

In  all  truss  members  except  1<U,,  the  wind  stress  need  not  be  considered  unless  it  exccieds 
35  per  cent  of  the  sum  of  the  dead,  live  and  impact  stresses.  The  member  Li,U\  is  subjected  to 
flexural  wind  stress  which  must  be  considered, 

11.  Design  of  Temion  Members. — Tables  IV  and  V  ^ve  the  design  of  alt  tension  membeis 
in  tabular  form.  The  allowable  unit  tensile  stress  on  the  net  area  is  l6,000  lb.  per  sq.  in.  ivhen 
wind  does  not  control,  and  1.35  X  16,000  =  3o,ooo  lb.  per  sq.  in.  when  wind  controls.  Tbe 
tendon  members  except  UyL,  will  be  made  of  angles.  If  either  leg  of  an  angle  is  5  in.  or  over  in 
width,  two  holes  will  be  deducted  from  the  section  to  obtain  the  net  section,  otherwise  one  ht^ 
will  be  deducted. 
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Rivets  j  in.  in  diameter  will  be  used  throughout  the  bridge  except  in  the  flanges  of  channels 
smaller  than  8  in.,  where  j  in.  rivets  will  be  used.  In  obtaining  the  net  section,  holes  iin.  in<iiam- 
eter  will  be  deducted  for  i  in.  rivets  and  i  in.  holes  for  |  in.  rivets.  The  design  of  tension  membcra 
consists  mainly  of  selecting  sections  to  provide  the  required  net  area. 

In  designing  all  members  the  form  of  details  used  must  be  kept  in  mind  and  the  number  of 
shapes  and  sizes  should  be  made  as  small  as  possible.  Material  which  is  available  without  delay 
should  be  used. 

12.  Design  of  Comprestion  Members. — In  the  design  of  a  compression  member  it  is  neces- 
sary to  select  a  section,  determine  its  radii  of  gyration,  calculate  the  allowable  unit  stress  and 
investigate  to  see  if  the  section  provides  the  proper  gross  area.  If  not  a  new  trial  must  be  made. 
The  greatest  value  of  l/r  for  compression  members  must  not  exceed  125  for  main  membeis  and 
I  jo  for  laterals,  for  this  type  of  bridge.  The  properties  of  top  chord  sections  consisting  of  two 
chanpels  and  a  cover  plate  are  given  in  Table  17,  Appendix  III. 

The  explanation  of  the  method  followed  in  determining  the  number  of  rivets  required  at  the 
ends  of  the  tension  members,  will  also  apply  to  compression  members. 

The  design  of  the  compression  members  of  the  truss  is  shown  in  Table  VI. 

The  centroid  of  the  top  chord  and  end-post  sections  will  be  placed  on  the  center  line,  so  no 
eccentric  stresses  need  be  provided  for. 

The  stress  in  the  top  chord  due  to  the  weight  of  member  should  be  investigated.  The  weight 
of  UiUi,  adding  30  per  cent  for  details,  is  I.30  X  is. 16  X  3.4  -  53.8  lb.  per  ft.  The  wdght  of 
t/,t/,  and  U,U,  =  1.30  X  12.16  X  3.4  =  53.8  lb.  per  ft. 

13.  Design  of  End-post. — The  member  i,  V,  carries  a  direct  stress  of  111,900  lb,  for  dead 
load,  live  load,  and  impact.  The  length  of  the  member  for  bending  about  its  axis  parallel  to  tbe 
cover  plate  is  25.62  ft.  The  section  will  be  composed  of  two  g  in.  channels  and  one  14  in.  cover 
plate.  For  this  section  and  this  axis  the  radius  of  gyration  will  be  about  3.55  in.,  and  the  allowable 
unit  stress  not  considering  wind,  about  16,000  —  (70  X  25.62  X  12/3-55)  =  9.940  lb-  per  «q-  in- 
Approximate  radii  of  gyration  of  built  sections  are  given  in  Table  43,  Appendix  III. 

The  area  required  for  dead  load,  live  load  and  impact  stress  is  about  11 1,900  -f-  9,940  =  11.36 
sq,  in.  The  section  composed  of  2[s9  in.  @  15  lb.,  8]  in.  back  to  back,  and  one  pi.  14  in.X  -^  in. 
will  be  tried.  The  properties  of  this  section  are  not  given  in  Table  17,  Appendix  III,  and  must  be 
calculated. 

Tables  of  properties  of  sections  may  be  obtained  from  tbe  author'*  "Structural  Ensineer's 
Handbook." 

Area.  The  area  of  a  [s  =  2  X  4.41  =    8.82  sq.  in. 

The  area  of  a  14  in.  X  A  '"■  plate  ~    4.38   "    " 

Total  area  -  13.20  sq.  in. 

Centroid. — The  distance  from  the  axis  M-M  to  the  centroid  of  the  section  is  found  by  taldng 
moments  about  the  axis  M-M,  and  dividing  by  the  area  of  the  section.  Moment  of  chantiels  ■■  o. 
Moment  of  plate  =  4.66  X  4.38  =■  20.4.    Total  moment  -  20.4.    e  =  204/13.20  -  1.54  in. 

Moment  of  Inertia.  Axis  A-A. — Themoment  of  inertia  about  the  axis  JI/-M  is  first  calculated. 
The  value  of  Ia  is  obtained  by  subtracting  A  ■«*  from  In. 

Channels,  2  X  /  —  2  X  50.9  -  lOi.S  in*. 

Pbte,  area  X  square  of  distance  from  center  to  MM  =  4.38  X  4.66*  =  95 -o       "* 
Total  /«  -  i96.a  in'. 

Ia  -  In  -  ^-^  =  196.8  -  13.20  X  1.54'  =  165.2  in". 
Moment  of  Inertia  Axis  B-B. — 

Channels,  2(1.95  +  4-41  X  5-03')  =  a^?.'  '«*■ 
Plate.  T^W  -  A  XA  X  14'  -JiJ  " 
Total  /»  -  298.6  in'.      ,-,  , 
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The  allowabk   stress   te   16,000  —  70  X  — — ~ —  "  9,92&   lb.   per   sq.   in.     Considering 
wind,  the  allowable  stress  will  be  I.50  X  9,920  "  14,900  lb.  per  sq.  in.     ConHdering  dead  load 

and  total  live  load  stresses,  the  unit  stress  is 


^  =  TT^=«'47«'bP*'«l' 


1320 

Considering  dead  load,  live  load  and  impact  Btreases,  and  one-ball  wind  load  streasek 
„       P  M.y      _  115,300  16.750  y  "  "  - 

298.6  — - 


-  ~PP        13.20  115.300  X  25.62*  X  13' 

32E  ^^-^  32  X  30.000,000 

-  8,730  +  4,900 

■  13.630  lb.  per  gq.  in. 

14.  DerigD  of  Portal. — The  Btresses  in  the  portal  shown  in  Fig.  14  were  calculated  on  the 
assumption  that  the  end-posts  were  fixed  at  the  base,  as  required  in  specifications,  S  30. 

The  main  diagonal  members  have  either  a  tension  or  a  compression  of  10,800  lb.,  but  the 
cross-section  area  will  be  governed  by  the  compression.  A  section  conusting  of  2  angles  4"  X 
3"  X  -it"  ^  shown  in  Fig.  15,  will  be  assumed.  Area  -•  4.18  sq.  in.  Assuming  the  angles 
fastened  by  a  }  in.  connection  plate,  rj  ~  0.89  in.  and  tb  "  1.86  in.  The  unsupported  length 
for  axis  A-A  is  about  5  ft.  6  in.,  so  //r  =  74.2.  The  unsupported  length  for  axis  B-B  is  about 
It  ft.,  so llr  -  132/1.88  —  70.    The  allowable  unit  stress  is  I.a5(i6,000  —  70  X  742)  =  13,500. 

and  the  required  area  is  10,600/13,500  ^  0.80  sq.  in.    Tbe  assumed  angles  provide  4.18  sq. 

in.  which  is  more  than  sufficient,  but  will  be  used  in  order  to  increase  the  rigidity  of  the  portal. 

Similar  calculations  show  that  3  angles  4"  X  3"  ^  A"  furnish  sufficient  section  for  Ut  U\.    The 

other  members  carry  tu>  stress.    One  an^e  3"  X  3"  X  \"  will  be  used  for  these  members. 

15.  Dedgn  at  Strtits. — ^The  stresses  io  the  struts  are  shown  in  Fig.  14.  A  section  composed 
of  4  angles  3"  X  at"  X  I",  laced  with  a}  in.  X  \  in.  lacing  as  shown  In  Fig.  14,  will  be  tried. 
It  is  evident  that  the  moment  of  inertia  of  the  section  about  ajcis  S-B  is  smaller  than  aboyj.  axis 
-^■-A_''"d  will  thurnf^re  tvmtail      Using  \  in.  lacing  bars  the  angles  will  be  )  in.  b.  to  b. 

Ib  -  ii.7in.*,  area  of  section  -  sa4»q-  in.  and  ^s  -  -^^^  =  1.48  in.,  ^/'•°-'^',^j^—  -  HO. 
^Kcificatioiis  require  that  tjr  for  laterals  in  this  type  of  bridge  must  not  exceed  150, 

Allowable  stress  —  1.50(16,000  —  70  X  140)  -  9,300  lb.  per  sq.  in. 
The  required  area  is  4,800/9,300  —  0.53  sq.  in.    The  section  assumed  has  an  excess  of  area,  but 
on  account  of  details  and  to  comply  with  specifications  will  be  used. 

16.  Design  of  Joints. — All  joints  will  be  designed  to  develop  the  full  strength  of  the  members 
and  not  simply  the  calculated  stresses.  The  gusset  plates  will  be  made  at  least  thick  enough  to 
develop  ia  bearing,  the  strength  of  the  rivets  in  single  shear.  Referring  to  Table  33,  Appendix 
III,  thia  thickness  is  found  to  be  j^  in.  |-in.  plates  will  be  used  at  all  joints  except  Lt  where 
^-in.  plates  are  used.  The  plates  must  be  of  sufficient  size  to  contain  the  necessary  rivets  and  to 
carry  the  stresses  transmitted  from  the  members. 

All  rivets  wU  be  made  J  in.  in  diameter,  except  those  in  the  flanges  of  channels  whose  depth 
is  leas  than  8  in.  (See  Table  17,  Appendix  III,  Maximum  rivets  for  flanges.)  The  use  of  lug 
angles  will  be  avwded  wherever  possiUe.  The  allowable  values  for  rivets  in  shear  and  bearing 
are  given  in  Table  33,  Appendix  III.    The  arrangement  of  the  members  at  the  joints  is  shown  00 
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the  general  drawings,  Fig.  18.  The  ^ge  lines  of  angles  are  placed  on  the  center  line  of  the  trus 
When  an  angle  has  two  gage  lines,  the  one  nearest  the  hack  is  used.  The  center  of  gravity  o(  il 
top  chords  and  end-posts  are  placed  on  the  center  line  of  the  truss.  The  size  of  the  gusset  plates 
usually  determined  by  the  space  required  for  the  rivets  necessary  to  connect  the  members  to  tl 


4.78xl6000=7Bm 
Co  ^/ 

(6)   Joint  Lg 


a^8.67"A 


--x^'lV^,-^ 


3=9.4^19=  Ulrn. 

b=K1.5g-n.75'li.Z5in. ^ 

c-j(i>-a)=fJ9in.        IS' c= 1.79"-'^.^ 
Distances  measured    T    ^=/^,25*_  1 

from  centers  of 

bearing  surfaces 

(C)    Pin  AT  JOItiT  Lo 
Fic.  i6. 


plate.  Except  in  extreme  cases,  the  size  of  the  gusset  plates  required  by  the  rivets  will  be  suflicient 
for  strength.  Rivets  should  be  symmetrically  placed  in  order  that  the  stress  may  be  uniformly 
distributed. 

17.  Joint  III. — A  diagram  showing  the  stresses  in  members  fastened  to  the  gusset  plate  at 
U\,  is  given  in  (a)  Fig.  16.  The  gusset  plate  will  be  shop  riveted  to  UxUt  and  Geld  riveted  to 
all  other  members.  Bearing  controls  the  number  of  rivets  in  i«£/i.  The  number  of  field  rivets 
required  will  be 

=  45  rivets,  or  33  on  each  Mde. 


D  X  14.900 


.29  X  .75  X  ao,o. 

The  number  of  shop  rivets  in  Ui  Vt  at  joint  Ui  is  determined  by  bearing,  and  a 

"■"  ^  "'-3°  =  36  rivets  or  .8  on  each  side. 
.23  X  .75  X  24.000 

The  number  of  field  rivets  in  UtLt  is  determined  by  ungle  shear,  and  is 


The  number  of  field  rivets  in  ViLi  is  determined  by  single  shear,  and  is 
5.39  X  16,000  _ 
4,420 


O  rivets  or  10  on  each  side. 
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l8.  J<^t  Lj. — Cast  iron  shoes  will  be  used  at  the  Axed  end  and  cast  iron  rockers  at  the 
expansion  end.     The  details  of  the  shoes  and  rockers  are  shown  in  Fig.  17. 

The  pin  at  Lg  should  be  made  as  lar^  as  the  channels  of  LtUt  will  permit,  even  though  a 
smaller  pin  would  safely  carry  the  stresses.  A  3l-inch  pin  will  be  used  if  the  following  investiga- 
tion shows  it  to  h^ve  sufficient  strength.  For  the  detail  used  here  the  forces  acting  on  the  pin  are 
all  vertical  and  have  a  magnitude  equal  to  one-half  the  maximum  pedestal  reaction.  This  maxi- 
mum will  occur  with  the  bridge  fully  loaded  and  will  equal  one-half  the  sum  o(  the  dead  load,  liv« 
load  and  impact  joint  loads,  multiplied  by  the  number  of  panels. 

1(16,700  +  10,000  +  2,430)7  =  102,000  lb. 
The  arrangement  at  the  joint  is  shown  in  Fig.  16  and  Fig.  16.     The  minimum  thickness  of  the 
gusset  plate  is  determined  by  the  bearing  area  required,  and  is 

The  thickness  a(  the  web  is  0.29  in.,  so  the  required  thickness  of  the  gusset  plate  is  0.61  —  0.29 
=  0.32  in.  As  far  as  bearing  is  concerned,  a  )  in.  plate  would  be  sufficient,  but  a  j-in.  plate  will 
be  used  on  account  of  the  large  connection  at  this  joint  in  order  to  give  more  rigidity.  The 
maximum  bending  moment  is 

51,000  X  1.79  =  91.300  in.-lb. 
and  the  maximum  shear  \b  V  =  51,000  lb.    The  diameter  required  by  bending  moment  is 

-(^f)'-'(7)'  — (iS)'— 

The  diameter  required  by  shear  is 

-K)'— (D'-"(;:;^)'— 

The  3t  in.  pin  is  satisfactory,  so  will  be  used. 

For  bending  moments  on  pins,  see  Table  27,  Appendix  III. 

A  diagram  showing  the  stresses  in  the  members  fastened  to  the  gusset  plates  at  £«  is  given  in 
(*),  Fig.  16.  The  end-post  will  be  shop  riveted  to  the  guseet  plate,  and  the  lower  chord  and 
floorbeam  will  be  field  riveted. 

The  number  of  shop  rivets  required  in  LvVi  at  joint  Lt  is  determined  by  bearing  on  the  web 
of  the  channels,  and  is 

_13jox.4,?0o_^  =  38  or  19  on  each  side. 
.29  X  .75  X  24,000 
The  number  cA  6eld  rivets  in  £«L]  at  joint  I«  is  determined  by  «ngle  shear,  and  is 

-'■^^^'^■°°°-  IS  or  9  on  each  side. 
4.420 

The  number  of  field  rivets  required  between  the  connection  angles  of  the  floorbeam  and  the 
gusset  plate  is 

33.575  ^  _  ri^,g(g 
4,430 
The  section  area  of  the  gusset  plate  required  to  carry  the  stress  in  L^Li  is  equal  to  the  net  area 
of  the  member  or  4.78  sq.  in.  With  two  gusset  plates  each  i  in.  thick,  the  effective  width  must  be 
4.78/(3  X  S)  '  4-7S  in.  net.  It  is  evident  from  the  detail  drawings  that  sufficient  area  has  been 
provided.  The  effective  section  through  the  pin  hole  is  more  than  25  per  cent  of  the  net  section 
of  the  member,  and  the  net  area  behind  the  pin  is  at  least  75  per  cent  of  the  area  through  the  pin 
tiole  (5  75)- 

The  number  of  field  rivets  required  for  lateral  LtL,  is 


1-25  X  3.750  "^" 
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For  all  other  laterals  the  n 


The  other  joints  are  designed 
mediate  floor  beams  require 


iber  of  field  rivets  required  is 
0.73  X  20,000  .   ^ 

■.^5x3.750 -'"""■ 

manner  similar  to  the  method  above  described.    The  inter- 
39.950  ^  ^  ^.^^1^^ 


The  number  of  rivets  at  jaint  Ui  between  the  upper  chord  and  the  gusset  plate  must  be  sufficient 
to  transfer  to  the  gusset  plate  the  maximum  difference  in  stress  between  members  I/jfiand  UtUt. 
This  occurs  when  UtL,  has  its  maximum  stress.  The  difference  is  10/7P  tan  $  +  impact  +  dif- 
ference in  dead  load  stress  =  10/7  X  10,000  tan  0  +  0.243  X  ^°l7  X  to.ooo  tan  6  +  13,400  = 
11.400  +  a,8oo  -f-  13,400  lb.  =  27,600  lb. 


.Ji-MUL 


(b)  Ped^kl- Fixed  Em 


U--.-?;''.---->i 
FoncES  on  Rocker 

titfftftfftff 
Forces  on  Pedestal 


The  number  of  shop  rivets  required  will  be  determined  by  bearing,  and  is 

27,600 

^23  X  .75  X  24,0. 


=  7  rivets  o; 


In  order  to  make  a  ri^d  connection  a  greater  number  will  be  used. 

19.  End  Bearings. — Rocker  or  roller  bearings  are  required  on  spans  of  70  ft.  or  more,  so 
must  be  used  for  this  bridge. 

20.  besiKn  of  Cast  Iron  Rockers. — The  type  of  rocker  shown  in  Fig.  17  will  be  used.  Tl>e 
maximum  pedestal  reaction  is  102,000  lb.  bo  the  area  of  each  masonry  plate  must  be  I03,ooo/6€N> 
■■  170  sq.  in.,  where  600  lb.  per  sq.  in  is  the  allowable  bearing  stress  on  concrete  masonry.  A 
plate  12  in.  X  2  in.  X  24  in.  will  be  used.  The  length  of  the  rocker  will  be  taken  as  34  in.,  so  the 
bearing  stress  between  the  rocker  and  the  plate  is  />  —  103,000/24  **  4-'5°  ">■  P^  '''*'  i**-  The 
allowable  bearing  stress  is  30od  pounds  per  lineal  in.,  or  300  X  18  *  5400  Ib.^r  lineal  inch. 

i:q,t7,:-rb;C00l^lc 
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on  the  rocker  are  shown  in  Fig.  17.    Section  a  will  be  investigated  as  a 
n  effective  length  of  5  in. 
M,  =  4.250  X  5'/a  =  S3.10O  'H'-lb. 
Af,  =  51,000  X  6.13  -  4.250  X  6»/2  "  663  in.-lb. 
eitia  of  the  section  is  44.03  in'.,  «  ■  2i  in.,  so  the  largest  bending  stress  is 
5  =  J^i  ,  53.'°o  X  2.25  ^ 

/  44.03  "^  ^ 

The  shear  to  the  left  of  section  2  is  5  X  4,250  =  21,250  lb.,  and  to  the  right  of  2  is  {12  —  6.75)4,250 
—  51,000  =  28,700  lb.  The  section  area  is  38.33  sq.  in.  so  the  largest  average  unit  shear  is 
28,700/38.33  =  750  lb.  per  sq.  in.  The  depth  of  4!  in.  is  sufficient  (or  bending  and  shear  so  will 
be  used.  The  thickness  of  the  upright  section  is  determined  by  the  bearing  area  on  the  pin. 
Using  an  allowable  bearing  stress  of  9,000  lb.  per  sq.  in.  for  cast  iron,  for  a  3j-in.  pin,  we  hav« 
2  X3I  XI  X  9.000  =  102,000  or  i  =  1.62  in.;  li  in.  will  be  used.  The  length  of  the  upright 
section  is  short  so  there  wilt  be  no  column  action. 

21.  Fixed  End. — ^The  type  of  pedestal  shown  in  Fig.  17  will  be  used  at  the  fixed  end.     The 

same  bearing  stress  on  the  masonry  exists  here  as  at  the  free  end.     The  forces  acting  are  shown  in 

Fig.  17.     The  maximum  bending  moment  occurs  at  2  and  is  53,  loo  in.-lb.     The  moment  of  inertia 

of  the  section  is  A  X  12  X  3'  =  ^7 

„      Mc      53.100  X  ij  ,. 

S  =  -p  -  ^^ ="  2.950  lb.  per  sq.  m. 

The  maximum  shear  is  28,700  lb.,  and  the  maximum  average  unit  shear  is 

3">F^2  -  780  lb.  per  sq.  in. 

The  upright  sections  are  the  same  as  at  the  fixed  end.     There  will  be  no  column  action. 

22.  Detail  Drawings. — Detail  drawings  are  given  in  Fig.  18. 
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CHAPTER  XV. 
Design  of  Steel  Highway  Bridge  Details. 

lotroductioii. — The  different  types  of  steel  highway  bridgea  have  been  considered  Id  previoua 
chapters. 

Propotiloaa  of  Gird«n  and  Trusses. — The  economic  depth  oF  a  girder  is  appronmately  such 
as  to  make  the  weight  of  the  web  including  stifFeners  equal  to  the  weight  of  the  flanges.  The 
economic  depth  of  a  truss  is  such  as  to  make  the  weight  of  web  members  approximately  equal  to 
the  weight  of  the  chord  members.  As  a  general  rule  the  depth  of  trusses  should  be  from  Mo  f 
the  span  length.  The  depth  of  inclined  chord  trusses  should  be  greater  than  the  depth  of  parallel 
chord  trusses  for  the  same  span.  The  height  at  the  ends  of  the  bridge  should  be  sufficient  for  an 
effective  portal.  The  width  between  trusses  of  medium  span  highway  bridges  is  usually  deter- 
mined by  the  requirements  of  traffic.  The  width  in  no  case  should  be  less  than  A  the  span. 
The  most  economic  inclination  of  diagonals  is  about  40  degrees,  so  that  in  a  Pratt  truss  the  panel 
length  should  be  about  0.42  times  the  depth  of  truss.  Some  economy  in  weight  of  steel  can  be 
gained  in  long  span  truss  bridges  by  making  ttie  panel  lengths  a  constant  ratio  of  the  depth. 
However  this  is  rarely  done  for  the  reason  that  the  increased  cost  of  shop  work  and  erection  due  to 
the  increased  complexity  of  the  design  usually  more  than  offset  the  saving  in  structural  steel. 
Increasint;  the  panel  length  increases  the  weight  of  the  floor,  and  the  panel  lengths  should  therefore 
be  less  for  a  heavy  concrete  floor  than  for  a  piank  floor.  The  increase  in  weight  of  superstructure 
for  permanent  Doors  will  vary  with  details  and  loads.  Calculations  by  Mr.  Clifford  Older,  bridge 
engineer,  Illinois  Highway  Commission,  shows  that  a  variation  of  10  lb.  per  sq.  ft,  in  the  weight 
of  the  floor  makes  a  similar  variation  of  about  4  per  cent  in  the  weight  of  the  superstructure. 

Economic  Span. — In  "Bridge  Engineering,"  page  1.187,  Dr.  J.  A.  L.  Waddell  has  shown  that 
for  a  crossing  of  indefinite  length  and  with  piers  and  abutments  of  uniform  depth,  "The  greatest 
economy  will  occur  when  the<»st  per  lineal  foot  of  the  trusses  and  laterals  of  the  superstructure  is 
equal  to  the  cost  per  lineal  foot  of  the  substructure."  The  floor  audits  supports  being  independent 
of  the  span  is  not  included.  This  analysis  assumes  that  all  spans  will  be  of  equal  length.  With 
a  stream  having  a  deep  channel  near  its  center,  the  fuers  near  the  center  will  be  much  more 
expensive  than  those  near  the  shore,  and  the  center  spans  should  be  made  longer  than  the  shore 

In  a  paper  entitled  "Economic  Span  Length  for  Bridges,"  presented  before  the  Western 
Society  of  Engineers,  Vol.  24,  No.  4,  Dr.  J.  A.  L.  Waddell  gives  the  results  of  a  study  of  economic 
span  lengths  of  bridges  on  deep  foundations.  For  highway  bridges  resting  on  deep  foundations 
in  sand  he  obtains  the  economic  span  lengths  as  follows.  For  foundations  100  ft.  deep,  300  ft. 
span  for  low  level  bridges,  and  325  ft.  span  for  high  level  bridges.  For  foundations  150  ft.  deep, 
350  ft.  span  for  both  low  level  and  high  level  bridges.  For  foundations  300  ft.  deep,  400  ft.  span 
(or  low  level  bridges,  and  375  ft.  for  high  level  bridges. 

The  most  important  conclusions  arrived  at  in  the  paper  are: 

1.  "For  all  types  of  bridges  the  economic  span  lengthincreases  with  the  depth  of  foundations, 
though  not  necessarily  in  the  same  proportion. 

2.  "The  lighter  the  superstructure  and  the  live  load  it  carries,  the  greater  generally  is  the 
economic  span  length,  and  the  greater  the  variation  of  the  latter  with  the  depth  of  foundation. 

3.  "Structures  with  piers  founded  on  bed  rock  generally  have  economic  span  lengths  some- 
what greater  than  thoae  of  the  corresponding  structures  founded  on  sand." 
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KINDS  OF  STRESS.— In  addition  to  the  stresses  due  to  (i)  dead  load,  (2)  live  or  moving 
load,  (3)  wind  load,  and  (4)  snow  load  aa  calculated  in  Part  I,  it  ia  necessary  to  consider;  (5) 
impact  stresses,  (6)  temperature  stresses,  (7)  centrifugal  stress,  and  (8)  sec?indary  stresses  not 
taken  into  account  in  the  calculations.  In  addition  to  the  above  it  is  necessary  in  determining 
the  allowable  stress  in  any  member  to  tatce  into  account  the  imperfections  in  materials  and  work- 
manship, possible  increase  in  live  loads.  Fatigue  of  metals,  the  frequency  of  the  application  oE 
stress,  corrosion  and  deterioration  of  materials,  etc.  The  structure  should  be  so  deigned  that 
no  part  under  any  condition  shall  be  stressed  beyond  the  elastic  limit.  The  allowable  stresses  for 
dead  load  are  usually  taken  at  about  50  to  60  per  cent  of  the  elastic  limit  of  the  material.  The 
live  load  stresses  are  equivalent  to  static  load  stresses  plus  impact  stresses.  H  the  live  load  stresses 
are  increased  for  impact  the  resulting  stresses  may  be  considered  as  dead  load  stresses.  With 
steel  with  an  elastic  limit  of  about  32,000  lb.  per  eq.  in.  it  is  the  common  practice  to  assume  a 
safe  tensile  unit  stress  of  16,000  lb.  per  sq.  in.  for  dead  load  stresses  and  for  live  load  stresses  plus 
impact.  The  allowable  compressive  stress  would  be  16,000  —  7oilr,  where  1  =  the  length  of  the 
member  and  r  =  the  least  radius  of  gyration  of  the  member,  both  in  inches,  with  a  maximum 
unit  stress  of  14,000  lb.  per  sq.  in.  The  stress  In  any  tension  or  compression  member  due  to  its 
own  weight  is  neglected,  providing  the  additional  stress  due  to  weight  does  not  increase  the  allow- 
able unit  stress  permitted  for  dead  load,  live  load  and  impact  by  more  than  to  per  (%nt.  The 
stress  In  any  tension  or  compression  member  due  to  wind  load  is  neglected,  providing  the  addi- 
tional stress  due  to  wind  load  does  not  increase  the  allowable  unit  stress  permitted  (or  dead 
load,  live  load  and  Impact  by  more  than  25  per  cent.  The  secondary  stresses  may  in  extreme 
cases  produce  stresses  as  high  as  40  per  cent  of  the  sum  of  the  dead  load  stresses,  and  the  live 
load  and  impact  stresses.  Some  allowance  must  also  be  made  for  over  load,  for  corrosion  and 
for  the  other  conditions.  It  is  not  probable  that  all  of  the  additional  stresses  will  occur  when 
the  live  load  is  a  maximum,  and  that  the  sum  of  all  the  probable  stresses  will  always  be  leas  than 
32,000  lb.  per  sq.  in. — the  elastic  limit  of  the  material.  A  bridge  designed  for  a  unit  stress  (A 
16,000  lb.  per  sq.  In.  in  tension  and  with  an  allowable  stress  in  compression  of  t6,ooo  —  yotfr 
lb.  per  sq.  in.  is  said  to  be  designed  with  a  (actor  o(  safety  of  tour.  The  factor  of  safety  is  the 
number  by  wlilch  we  divide  the  ultimate  strength  of  the  member  to  c4)tain  the  working  sticns. 
A  factor  of  safety  of  four  in  this  case  means  that  the  structure  is  just  as  strong  as  it  should  be,  and 
not  four  times  as  strong  as  it  should  be,  as  is  sometimes  assumed. 

IMPACT  STRESSES.— As  a  load  moves  over  the  bridge  it  causes  shocks  and  vibrations 
whereby  the  actual  stresses  are  increased  over  those  due  to  static  loads  alone.  It  is  shown  in 
mechanics  of  materials  that  a  load  suddenly  applied  to  a  bar  or  a  beam  will  produce  stresses  equal 
to  twice  the  stresses  produced  by  the  same  load  gradually  applied.  A  bridge  is  a  complex 
structure  and  it  is  not  possible  to  determine  the  exact  effect  of  the  moving  loads,  it  has  been 
found  by  experiment  that  the  ultimate  strength  for  repeated  loads  is  much  lees  than  the  ordinary 
ultimate  strength.  In  a  bridge  it  will  be  seen  that  the  dead  load  is  a  fixed  load  and  that  the  live 
load  is  a  varying  load. 

For  stresses  of  one  kind  Professor  Launhardt  has  proposed  the  following  formub; 

'-^(■+£-SS)  <■) 

where  P  is  the  allowable  working  stress  required,  and  5  is  the  allowable  working  stress  (or  live 
loads,  varying  from  iero  to  the  maximum  stress.  For  stresses  of  opposite  kinds  Professor  Wey- 
rauch  has  proposed  the  following  formula; 


'  =  5(1 


3  Max.  stress  / 

where  P  and  S  are  the  same  as  for  the  Launhardt  formula,  the  maximum  and  minimum 
being  taken  without  sign.  For  columns  and  struts  the  allowable  stresses  are  to  be  reduc 
suitable  column  formula. 
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There  are  three  methods  in  common  use  for  takingaccount  of  impact:  (i)  Impact  fonnulas; 
(i)  Launhardt-Weyrauch  (ormulas,  and  (3)  Cooper's  Method. 

(i)  Impact  Formulas. — The  formula  in  most  common  use  is  given  in  the  form 

(3) 

where  /  —  impact  stress  to  be  added  to  the  static  live  load  stress,  S  =•  the  static  live  load  stress, 
L  -  the  length  in  feet  of  the  portion  of  the  bridge  that  is  loaded  to  produce  the  maximum  stress 
in  the  member,  and  a  and  b  are  constants  expressed  in  feet.  The  American  Railway  Engineering 
ABBOciation  specify  for  railway  bridges,  o  —  ft  —  300  ft. 

After  an  extensive  series  of  tests  the  committee  on  Iron  and  Steel  Structures  of  the  American 
Railway  Engineering  Association  has  recommended  the  following  fonnula  for  impact  in  railway 


Krr*) 


30.000 
■  30,000  +i." 


'-^■;;rSS^.  (4) 


where  L  is  the  length  of  the  span  of  the  bridge.    This  formula  has  not  as  yet  (i<)i9)  been  adopted 
by  the  Association. 

Mr.  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  specified  that  for  electric  railway  bridges 

J  =  5-i5o/(L  +  30o)  (5) 

In  the  Osborn  Engineering  Company's  1903  specifications  for  railway  and  for  highway 
bridges  the  impact  is  calculated  by  the  formula 

/  -  S-SKS  +  D)  (6) 

where  S  is  the  static  live  load  stress  and  D  is  the  dead  load  stress.    This  method  is  also  specified 
by  the  Harriman  Railway  System. 

{2)  Lamibardt-WejTftuch  Formulas. — Formula  (i)  is  used  for  determining  the  allowable 
stress  for  loads  of  one  kind,  and  formula  {2)  is  used  for  determining  the  allowable  stress  for  loads 
of  different  kinds.     This  method  is  used  in  Thacher's  Specifications,  and  others. 

(3)  Cooper's  HeAod. — Cooper  uses  formula  (1)  and  calculates  the  area  for  the  dead  load 
and  the  area  for  the  live  load  stress  separately.  For  dead  loads  from  formula  (l)  we  have  P  =  2S, 
while  for  live  loads  the  range  of  stress  is  from  zero  to  the  maximum,  and  P  ^  S. 

For  a  reversal  of  stress  Cooper  designs  the  member  to  take  both  kinds  of  stress,  but  to  each 
stress  he  adds  eight-tenths  of  the  lesser  of  the  two  stresses. 

The  different  methods,  while  apparently  very  unlike,  give  essentially  the  same  results. 
Many  engineers  claim  that  fatigue  of  the  materials  and  impact  should  be  considered  separately. 
In  choosing  working  stresses,  an  allowance  should  be  made  for  secondary  and  other  stresses  that 
cannot  eauly  be  calculated,  for  corrouon,  etc. 

For  the  recent  practice  in  the  use  of  impact  in  the  design  of  highway  bridges,  sec  Chapter  IX. 
Temperature  Strenee. — An  increase  or  decrease  in  temperature  produces  no  stresses  in  a 
bridge  %ith  one  end  on  frictionless  rollers.     Where  there  is  a  horizontal  rerastance  to  the  move- 
ment, the  bridge  becomes  a  two-hinged  arch  and  it  is  necessary  to  calculate  the  stresses  for  that 
case.     See  the  auth(»-'s  "Steel  Mill  Buildings,"  Chapter  XIV. 

Centrifugal  Stresses. — Mr.  C.  C.  Schneider's  "  Specifications  for  Electric  Railway  Bridges  " 
contains  the  following  requirement : 

Structures  located  on  curves  shall  be  designed  for  the  centrifugal  force  of  the  live  load  acting 
at  the  top  of  the  rail.    The  centrifugal  force  shall  be  calculated  by  the  following  formula: 

C  -  (0.043  -  0.0O3D)W-D  (7) 

wfhere  C  =  centrifugal  force  in  lb.; 
W  =  weight  of  train  in  lb.; 
D  *•  degree  of  curvature. 
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SPECIPICATIORS  FOR  STEEL.— All  standard  specifications  call  for  open  hearth  steel. 
It  has  been  the  custom  to  specify  "soft"  steel  with  an  ultimate  strength  of,  say,  54,000  to  63,000 
lb.  per  sq.  in.;  "medium"  steel  with  an  ultimate  strength  of,  say,  60,000  to  68,000  lb.  per  sq.  in.; 
and  "rivet"  steel  with  an  ultimate  strength  of,  say,  50,000  to  58,000  lb.  persq.  in.  The  American 
Railway  Engineering  Association  haaspeciRed  a  single  grade  of  "structural"  steel  with  an  ultimate 
strength  of  55,000  to  65,000  lb.  persq.  in.;  and  "rivet"  steel  with  an  ultimate  strength  of  46,000 
to  56,000  lb.  per  sq.  in.  This  method  appears  to  be  coming  rapidly  into  use  and  promises  to 
become  standard. 

Standard  specifications  are  given  in  Appendix  I,  in  which  the  specifications  for  material 
adopted  by  the  American  Society  for  Testing  Materials  have  been  used. 

ALLOWABLE  STRESSES.— The  allowable  stresses  in  the  different  members  oF  steel  high- 
way bridges  will  depend  upon  the  method  of  providing  for  impact- 
Schneider's  Spedflcatioiu. — In  his  "  Specifications  for  Steel  Electric  Railway  Bridges  " 
Mr.C.C.  Schneider  hasspecified  the  allowable  stressesadoptcd  by  the  American  Railway  Engineer- 
ing Association  u^ng  the  impact  formula  in  (5).  The  clauses  referring  to  unit  stresses  are  as 
follows: 

S  17.  Unit  Stresses. — All  parts  of  structures  shall  be  so  proportioned  that  the  sum  ol  the 
maJdmum  stresses  shall  not  exceed  the  following  amounts  in  lb.  per  sq.  in.  except  as  modified  in 
paragraphs  35  to  37. 

S  18.   Tension. — Axial  tension  on  net  section -16,000 

t  19.  Com^mnOR.  —  Axial  compression  on  gross  section  i6,ooo-7o.//r  where  /  is  the  length 
and  r  is  the  least  radius  of  gyration  of  member,  both  in  inches. 

S  20.  Bending:  onextremcfibersof  rolled  shapes,  built  sectlonsand  girders;  net  section  16,000 

On  extreme  fibers  of  pins 24,000 

i  31.  Skearing:  shop  driven  rivets  and  pins 13,000 

Field  driven  rivets  and  turned  bolts 10,000 

Plate  girder  webs;  gross  section 10,000 

{  33,  Bearing:  shop  driven  rivets  and  pins 34,000 

Field  driven  rivets  and  turned  bolts 30,000 

Granite  masonry  and  Portland  cement  concrete 600 

Sandstone  and  limestone 400 

Expansion  rollers;  per  linear  inch 600  d 

Where  d  is  the  diameter  of  the  roller  in  inches. 
i  23.  Limiting  Length  of  Compression  Members. — No  compression  member  shall  have  a  length 
exceeding  100  times  its  least  radius  of  gyration,  excepting  those  for  wind  bracing,  which  may 
have  a  length  120  times  the  least  radius  of  gyration. 

I  34.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.     U  the  alternate  stresses  occur  in 
during  the  passage  of  one  train,  as  in  stiff  counters,  each  stress  shall  be  increased  by 


50  per  cent  of  the  smaller.    The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 

i  25.  Counters. — Wherever  the  live  and  dead  load  stresses  are  of  opposite  character,  only 
70  per  cent  of  the  dead  load  stress  shall  be  considered  as  effective  in  counteracting  the  live  load 

$  36.  Combined  Stresses. — Members  subject  to  the  action  of  both  axial  and  bending  stresses 
shall  be  proportioned  so  that  the  combined  stress  shall  not  exceed  the  allowed  axial  strest. 

I  27.  Lateral  and  Other  Stresses  Combined.— Tor  stresses  produced  by  lateral  and  wind  forces 
combined  with  those  of  live  loads,  dead  loads  and  centrifugal  forces,  the  unit  stresses  may  be 
increased  25  per  cent  over  those  given  above;  but  the  seclion  shall  not  be  less  than  required 
if  lateral  and  wind  forces  be  neglected. 

Cooper's  SpeciflcatioilS. — In  his  1909  "  Specifications  for  Steel  Highway  and  Electric  Railway 
Bridges,"  Mr.  Theodore  Cooper  specified  the  following  allowable  unit  stresses: 

Tension.  Medium  Steel. — Floorbeam  hangers  and  other  similar  members  liable  to  sudden 
loading,  net  section  8,000  lb.  per  s(j.  in.;  longitudinal,  lateral  and  sway  bracing  for  wind  and  live 
load  stresses,  18,000  lb.  per  sq.  in.;  solid  rolled  licanis  used  as  cross  fioorbeams  and  stnn^rs, 
13,000  11).  persq.  In.;  bottom  flanges  of  riveted  girders,  net  section,  all  moment  resisted  by  flanges, 
bottom  chords,  main  diagonals,  counters  13,500  lb.  per  sq.  in.  for  live  load  stress,  and  25,000  lli. 
per  sq.  in.  for  dead  load  stress.  Verticals  carrying  noorbeams,  10,000  lb.  per  sq.  in.  for  live  load 
stress,  and  30,000  lb.  per  sq.  in.  for  dead  load  stress. 
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Soft  steel  may  be  used  with  tensile  unit  stresses  lo  percent  less  than  above,  execpt  for  eye-bare. 

Compression.  Medium  Sleei. — For  chord  aesments  P  =  12,000  —  ss-llr  lb.  per  sq.  in.  for 
live  load  atresscs,  and  P  =  24,000  —  iio-i/r  lb.  per  sq.  in.  tor  dead  load  stresses. 

For  all  poeta  for  through  bridges,'  induding  end-posts,  P  «  10,000  —  45'j/f  lb.  per  aq.  in. 
for  live  load  strcases,  and  P  =  30,000  —  go-ljf  lb.  per  sq.  in.  for  dead  load  atreaaes. 

For  all  posts  in  decL  bridges  and  tresClea,  P  =  11,000  —  40-//r  lb.  per  sq.  in.  for  live  load 
stresses,  and  P  ^  33,000  —  &0'i/r  lb.  per  aq.  in.  for  dead  load  stresses. 

For  lateral  struts  and  rigid  bracing,  P  —  13,000  —  6a  Ijr  lb.  per  sq.  in  (or  wind  streaaea  and 
}  ot  the  above  for  live  load  stresses. 

In  above  I  =  length  of  member  c 
ber,  both  in  inches.     The  ratio  of  //r  shall  n..  _    .  ..  .  ._ 

Soft  steel  may  be  used  with  unit  stresses  10  per  cent  less  than  the  above,  except  for  eye-bars. 

Bending. — The  bending  on  extreme  fibers  ol  pins  shall  not  exceed  20,000  lb.  per  sq.  in. 

Shear. — The  shear  on  pins  and  rivets  in  trusses  shall  not  exceed  10,000  lb.  per  sq.  in.  The 
shear  on  rivets  in  floor  systems  shall  not  exceed  So  per  cent,  and  in  lateral  systems  shall  not  exceed 
150  per  cent  of  the  value  above. 

Bearing. — The  bearing  on  pins  and  rivets  in  trussea  shall  not  exceed  15,000  lb.  per  aq.  in.  (or 
live  load  and  30,000  lb.  per  sq.  m.  for  dead  load.  The  bearing  on  rivets  in  floor  systems  shall  not 
exceed  80  per  cent,  and  in  lateral  systems  shall  not  exceed  150  per  cent  of  the  values  above. 

Field  rivets  ahali  have  their  allowable  bearing  and  shear  reduced  one-third. 

Bearing  on  rollers  per  lineal  inch  —  30od,  where  d  is  the  diameter  of  the  roller  in  inches. 

Bearing  on  masonry  shall  not  exceed  350  pounds  per  sq.  in. 

Combined  Stresses. — Members  subject  to  combined  stresses  must  be  designed  tor  the  greatest 
streas.  Unless  the  stress  due  to  weight,  only,  exceeds  10  per  cent  of  the  allowed  stress,  such 
stress  need  not  be  considered.  Unless  the  stress  due  to  wind  forces  exceeds  30  per  cent  of  the 
allowed  unit  stress  it  need  not  be  considered. 

■  Reversal  of  Stress. — Members  and  their  connections  subject  to  alternate  stress  shall  be  de- 
seed to  take  each  kind  of  stress.  Both  stresses,  shall  however,  be  increased  by  an  amount  equal 
to  8/to  of  the  leaat  of  the  two  stresses. 

Engineering  Institute  of  Canada.— General  Specification  for  Steel  Highway  Bridges  adopted 
1918  by  the  Engineering  Institute  of  Canada  specifies  unit  stresses  in  lb.  per  sq.  in.  as  follows: 

Axial  tension  on  net  section  of  steel,  16,000.  Axial  compression  on  gross  section  ol  columns, 
13,000  —  o.3(J/r)*,  in  which  i  ^  length  in  inches,  and  r  '-  least  radius  of  gyration  in  inches. 
Direct  compression  on  steel  castings,  14,000.  Direct  compression  on  iron  casting,  10,000. 
Bending  on  extreme  fibers  of  rolled  shapea,  built-up  sections  and  girders,  net  section  16,000; 
ateel  castings  12,0001  iron  castings,  3,000;  pins  34,000;  white  oak,  Douglas  fir  and  southern 
long  leaf  pine,  1,600,  white  and  red  pine,  1,100.  Shearing  on  power  driven  shop  rivets  and  pins, 
11,000;  power  driven  field  rivets,  10,000;  hand  driven  field  riveta  and  turned  bolta,  8,000;  plate 
girders,  gross  section,  10,000.  Bearing  on  power  driven  shop  riveta  32,000;  power  driven  field 
rivets  and  pins,  30,000;  hand  driven  field  rivets  and  turned  bolts,  16,000;  hard  bronze  expansion 
bearings,  1,000;  expansion  rollers,  per  lineal  inch,  600  d,  where  d  =  diameter  of  roller  in  inches; 
granite  masonry,  800,  concrete  i  :  3  :  4  mix,  600,  limestone  masonry,  400;  sandstone  masonry  300. 
Wind  load  stresses  need  not  be  considered  unless  in  combination  with  dead  and  live  load  stresses 
the  Etressea  exceed  the  allowable  stresses  for  dead  and  live  load  by  more  than  25  per  cent.  Stresses 
due  to  weight  of  member  or  eccentric  loading  need  not  be  considered  unless  in  combination  with 
dead  and  live  load  stresses  the  stresses  exceed  the  allowable  stresses  for  dead  and  [ivc  loads  by 
more  than  10  per  cent.  When  dead  and  live  load  stresses  arc  of  opposite  character,  only  two- 
thirds  of  the  minimum  dead  load  stress  shall  be  considered  as  effective  in  counteracting  live  load 
stress.  If  reversal  b  due  to  moving  load,  each  kind  fA  stress  shall  be  increased  by  50  per  cent  of 
the  smaller. 

Oluiois  Highway  Commission.— The  following  allowable  stresses  are  specified.  No  allowance 
is  made  for  impact. 

Tension. — Medium  steel  and  steel  castings,  16,000  lb.  per  sq.  in. 

Compression. — Medium  steel,  16,000  —  7o(i/r)  lb.  per  sq.  in.,  but  not  to  exceed  14,000  lb. 
per  sq.  in.,  where  /  =■  length  of  member  and  r  —  radius  of  gyration  ot  member,  both  in  inches. 

Cast  Steel,  16,000  lb.  per  sq.  in. 

Bending. — Extreme  fiber  stress  on  rolled  and  built  up  sections  and  steel  castings,  16,000  lb. 
per  sq.  in.     Extreme  fiber  stress  on  pina,  24,000  lb.  per  sq.  in. 

Shear. — Shop  rivets  and  pins,  10,000  lb.  per  aq.  m.  Bolls  and  field  rivets,  8,000  lb.  per  sq.  in. 
Webs  of  rolled  and  built  section  (average)  10,000  lb.  per  sq.  in. 

Bearing. — Pina  and  shop  rivets,  20,000  lb.  per  sq.  in.  Bolts  and  field  rivets,  16,000  lb.  per 
,  in.  Expan^on  rollers  (steel  rollers  on  steel  plates),  6ooif  lb.  per  lineal  inch,  where  d  =  diameter 
roller  in  inches.     Expansion  rockers  (cast  iron.  State  standard),  300<j  lb.  per  lineal  inch. 
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Reversai  of  Stress. — Connections  of  members  carrying  reversing  atrefltts  shall  be  proportioned 
for  a  stress  found  by  adding  i  of  the  lesaer  to  the  greater  stress. 

Witid  Stress. ^Allowable  stresses  in  chords  may  be  increased  25  per  cent  to  provide  for  wind 

lowB  HighwHT  Commission.— The  following  stresaes  on  steel  in  lb.  per  sq.  in.  are  specified : 

Tension. — Ajdal  tension  on  net  section 16,000 

Compression. — Axial  compresuon  on  gross  section  16,000  —  70  l/r  where  /  is  the  un- 
supported length  of  the  member  in  inches  and  r  is  the  least  radius  of  gyration  in  inches. 

Bending, — On  extreme  fibers  of  rolled  shapes,  built  sections  and  girders;  net  section .  16,000 

On  extreme  fibers  of  pins,  rivets  and  bolts 25,000 

Skearing.—On  pins  and  ^op  driven  rivets 13,000 

On  field  driven  rivets  and  turned  bolts 9,000 

On  plate  girder  web;  gross  section 10,000 

Bearing.— On  pins  and  shop  driven  rivets Z4.000 

On  field  driven  rivets  and  turned  bolts 18,000 

On  masonry 400 

On  steel  expansion  rollers  or  rockers  where  if  is  the  diameter  of  the  roclcer  or  roller  in 

inches,  per  linear  inch 600  d 

On  pin  bearing  on  rockers iZ,ooo 

For  Cast  5iM/.— Tension l6,000 

Compression 16,000 

Allemale  Stresses. — Members  subject  to  alternate  stress  of  tennon  and  conipression  shall  be 
proportioned  for  the  stress  giving  the  lai^est  section.  If  the  alternate  stresses  occur  in  succession 
dunng  the  passage  of  one  load,  each  stress  shall  be  increased  by  fifty  (50)  per  cent  of  the  other. 
The  connections  shall  in  »ll  cases  be  proportioned  for  the  sum  of  the  stresses. 

Counter  Stresses. — Wherever  live  and  dead  load  stresses  are  of  opposite  character,  only  70 
percent  of  the  dead  load  stresss  shall  be  considered  as  effective  in  counteracting  the  live  load  stress. 

Axiat  and  Bending  Stresses  Combined, — Members  subject  to  both  axial  and  bending  stresses 
shall  be  proportioned  so  that  the  combined  fiber  stresses  will  not  exceed  the  allowed  axial  stress. 

Lateral  and  Otktr  Stresses  Combined. — For  stresses  produced  by  lateral  or  wind  forces  combined 
with  those  from  live  and  dead  load  forces,  the  unit  stress  may  be  increased  30  per  .cent  over  those 
given  above;  butthesectionshallnot  be  less  than  required  if  the  lateral  or  wind  torces  be  neglected. 

HinnCtTH  THICENESS  OF  HBTAL.— Illinois  Highway  Commission  specifies  that  the 
minimum  thickness  of  metal  shall  be  A  '"■  except  for  fillers.  Gusset  plates  shall  not  be  less  than 
I  in.  thick.     Webs  of  beams  and  channels  shall  not  be  less  than  i  in. 

Iowa  Highway  Commisuon  specifies  that  the  minimum  thickness  of  metal  shall  be  1  in. 
except  for  webs  of  channels  and  fillers. 

Cooper's  Specifications  (1909)  require  that  the  minimum  thickness  of  main  members  and 
their  connections  be  A  ■"-•  ^"^  ^*"'  laterals  and  their  connections  be  1  in.,  except  for  fillers. 

The  author  recommends  that  A  >n.  be  the  minimum  thickness  except  for  Di  and  Dt  bridges 
where  the  minimum  shall  be  1  in.  except  for  webs  of  channeb,  which  may  be  0.20  in.  in  thickness. 

The  standard  minimum  thickness  for  metal  in  railway  bridges  is  |  in. 

TGHSIOH  HEHBERS.— Tension  members  are  made  (i)  of  eye-bars;  (2)  of  square  or 
round  loop  bars;   (3)  of  simple  shapes,  and  (4)  of  built  sections. 

Eye-bars. — Eye-bars  are  used  for  main  tension  members  of  pin-connected  trusses.  The 
eyes  may  be  formed  (o)  by  upsetting  and  forging,  or  (6)  by  piling  and  welding.  By  the  first  method 
the  bar  is  upset  and  the  head  is  forged  in  a  die,  after  which  the  bar  is  reheated  and  annealed  and 
the  pin  hole  is  drilled.  By  the  second  method  a  "pile"  of  iron  bars  is  placed  on  the  end  of  the 
bar,  the  pile  is  heated  and  the  head  is  forged  in  a  die.  The  bar  is  then  reheated  and  annealed 
and  the  pin  hole  is  drilled.  Steel  eye-bars  should  always  be  made  by  upsetting  and  forging. 
The  American  Bridge  Company's  standard  eye-bars  are  given  in  Fig.  1  and  in  Table  zo,  Appendix 
111.  Eye-bars  thinner  than  those  specified  are  liable  to  buckle  in  the  head.  Eye-bars  may  be 
obtained  in  different  thicknesses  varying  by  -ff  inch.  Eye-bars  are  seldom  made  with  a  thickness 
of  more  than  one-thinl  or  less  than  one-sixth  of  the  depth  of  the  bar.  The  Osbom  Engineering 
Company  specifies  that  bars  ^all  not  be  less  than  |  in.  in  thickness,  and  preferaUy  not  less  in 
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thickness  than  i  the  depth.  Eye-bars  should  be  parallel  as  nearly  as  possible;  the  maximum 
variation  should  never  be  greater  than  one  inch  in  eight  feet.  The  specilkationE  in  Appendix  I 
require  that  eye- bars  shall  not  be  out  of  line  more  than  one  inch  in  I6  feet  (J  92}.    Thick  bare  give 


Fic.  1.    Obdinarv  Eve-baks. 


Fig.  3.    Adjustable  Eve-bars. 


large  moments  on  the  pin.  Pins  are  ordinarily  specified  to  be  not  less  than  three-fourths  of  the 
<iepth  of  the  deepest  bar  coming  on  the  pin.  Bars  very  shallow  or  very  deep  will  therefore  require 
lai^  pins.  The  stresses  in  eye-bars  due  to  their  own  weight  are  given  in  Fig.  4,  Chapter  Vl. 
Eye-bars  should  always  be  used  in  pairs  and'^ould  be  kept  small  in  order  to  keep  down  the  size 
of  the  pins  and  reduce  the  cost  of  fabrication  of  the  pina.  Specifications  for  eye-bars  are  given  in 
Appendix  I. 

Adjustable  Byfr-bars. — Where  eye-bars  are  used  for  counters  they  are  made  adjustable. 
The  American  Bridge  Company's  standard  adjustable  eye-bars  are  given  in  Fig.  3,  and  in  Table 
ao,  Appendix  111.    The  parts  of  the  bar  may  be  connected  by  sleeve  nuts  or  turnbuckles. 


Fig.  3.    Loop-baa. 

Loop-bars. — Iron  bare,  both  square  and  round,  are  often  made  with  loop  ends.  Steel  bars 
should  never  be  used  with  loop  ends  for  the  reason  that  welded  steel  is  not  ordinarily  con»dered 
reliable.  The  American  Bridge  Company's  standard  loop-faaia  are  shown  in  Fig.  3,  and  in  Table 
ai.  Appendix  III.  Loop-bais  are  made  with  both  single  and  double  loops.  Clevises  arc  to  be 
preferred  to  double  loops.     Loop-bars  bent  in  the  weld  should  not  be  used. 

Standard  Upaets. — Bars  upon  which  screw  ends  are  to  be  cut,  are  first  upaet  so  that  the 
area  through  the  base  of  the  screw  will  be  in  excess  of  the  main  body  of  the  bar  by  a  required 
amount,  varying  from  t6  to  40  per  cent.  T^e  American  Bridge  Company's  standard  upsets  for 
round  and  square  bars  are  given  in  Table  18  and  Table  19,  Appendix  III. 

ClaTueB. — Where  small  round  or  square  steel  bars  are  used,  the  ends  should  be  upset  an*d 
the  connection  to  the  pin  should  be  made  by  means  of  clevises.  The  American  Bridge  Company's 
standard  clevises  are  given  in  Fig.  4,  and  in  Table  33,  Appendix  III. 

Tnrabucklu  and  Steere  Nnta. — Eye-  or  loop-bars  are  made  adjustable  by  means  of  turn- 
buckles  or  sleeve  nuts.  Turnbuckles  are  more  often  used  than  sleeve  nuts.  The  tumbuckle  has 
the  advantage  that  the  ends  of  the  bara  are  visible,  while  it  has  the  disadvantage  that  is  can  be 
loosened  with  a  bar.  The  American  Bridge  Company's  standard  turnbuckles  and  sleeve  nuts  are 
C^ven  in  Fig.  5  and  Fig.  6,  and  in  Table  33,  Appendbt  III. 

Kivet«d  Teiutoi  Hembert.— The  problem  in  the  design  of  riveted  tenuon  membere  is  the 
design  of  the  end  connections.    The  rivets  in  the  end  ramnections  should  be  symmetrical  with  the 
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neutral  axis  of  the  member.  This  is  sometimes  dilticult  to  attain,  and  results  in  large  eccentric 
stresses.  In  riveted  tension  members  with  pin-connections  it  is  usually  Bpccilk-d:  (i)  That  the 
net  area  through  the  pin  bole  must  exceed  the  required  net  area  of  the  member  by  25  per  cent, 
and  (3)  the  area  back  o(  the  pin  hole  on  a  plane  through  the  center  o(  the  pin  hole  and  parallel 
to  the  axis  ol  the  member  must  be  not  less  than  75  per  cent  of  the  area  through  the  pin  hole.     The 


m 


Fig,  4.    Clevis. 

net  area  of  the  member  must  be  used  in  calculating  the  strength  of  a  riveted  tension  member. 
In  deducting  for  rivet  holes  in  tension  members  it  is  often  specified  that  rupture  will  be  con^dercd 
equally  probable  on  a  transverse  or  diagonal  section,  unless  the  diagonal  section  has  a  net  area  30 
percent  incxcessof  the  transverse  section.  See  %  44  in  Specifications  in  Appendix  I  for  the  method 
of  calculating  net  area  of  a  riveted  tension  member. 


Fig.  5.    TuRMBUCKLE.  Fig.  6,    Slebve  Nut. 

The  net  area  of  a  tension  member.  A,  required  to  carry  a  diro 
stress,  f.ia  A  ^  T/f.  For  methods  of  calculating  the  stresses  in  t 
and  cross-bending  forces,  see  Chapter  VI. 

For  the  calculation  of  the  stresses  in  an  eccentric  riveted  connection,  see  Chapter  VI. 

The  areas  to  be  deducted  for  rivet  holes  in  tension  members  are  given  in  Table  35,  Appendix 
III. 

COBIPRBSSION  HEBfBERS.— Some  of  the  common  forma  of  compresdon  members  arc 
shown  in  Fig.  7.  The  section  in  (b)  consisting  of  two  channels  and  a  top  cover  plate  with  lacing 
on  the  bottom,  and  section  {e)  consisting  of  two  channels  laced  on  both  top  and  bottom  are  cont- 
monly  used  for  the  top  chords  of  high  truss  pin-connected  highway  bridges.  Sections  (o),  (c), 
((f)  and  (g)  are  commonly  used  for  long  span  highway  and  railway  pin-connected  bridges.  Sections 
W,  (/).  is)  and  (J)  are  used  for  intermediate  posts,  while  sections  (h)  to  {*)  are  used  for  the 
chords  of  riveted  highway  bridges.  A  type  of  chord  should  be  selected  that  will  give  the  deured 
results  and  will  at  the  same  time  give  a  low  cost  for  fabrication.  Where  chords  are  made  without 
a  top  cover  plate,  the  lacing  must  be  designed  to  carry  the  diagonal  shear  in  addition  to  the  usual 
stresses.  The  least  radius  of  gyration  of  sections  (a)  to  (d),  inclusive,  is  approximately  four- 
tenths  of  the  width  of  the  member,  while  the  least  radius  of  gyration  of  sections  (e)  to  (f),  inclusive, 
is  approximately  three-eighths  of  the  depth.  Approximate  radii  of  gyration  of  built  ei 
given  in  Table  43,  Appendix  III. 
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In  selecting  a  chord  section  the  radius  o(  gyratioa  should  be  kept  as  large  as  possible,  the 
member  at  the  same  time  satisfying  the  following  requirements:  (i)  The  thickness  of  the  top 
cover  plate  should  not  be  less  than  1/40  the  distance  between  the  centers  of  the  rivets  connecting 
the  plate  to  the  angles  or  channels,     (z)  The  thickness  of  the  nde  plates  should  not  be  less  than 


Fig.  7.    Riveted  Sections  for  Coupkessiok  Mehbers. 

1/30  the  distance  between  the  centers  of  the  rivets  connecting  it  to  the  angles.     (3)  The  angles 

should  not  be  thinner  than  three-fourths  the  thickness  of  the  thickest  plate  attached  to  them. 

(4)  The  radius  of  gyration  of  the  member  about  both  axes  should  be  approximately  the  same. 

Areas,  moments  of  inertia,  radii  of  gyration,  eccentricities  and  other  data  for  built  chord  sections 
are  given  in  the  tables  in  Appendix  III. 

DESIGN  OP  COMPRESSION  MEMBERS.— The  allowable  stresses  in  compression  mem- 
bers are  gi\-cn  in  the  standard  specifications  in  this  chapter.  For  the  details  of  the  calculations 
of  the  moments  of  inertia,  radii  of  gyration  and  allowable  stresses  in  compression  members,  see 
Chapter  VI. 

Ladng. — Lacing  bars  are  used  to  join  the  parts  of  the  member  together,  and  make  it  act  as 
a  solid  member  to  resist  the  shear  due  to  bending  and  the  diagonal  shear  in  the  member.  Lacing 
bars  arc  commonly  made  with  a  thickness  of  not  less  than  1/40  the  distance  between  end  rivets 
for  single  lacing,  or  1/60  of  the  distance  between  rivets  (or  double  lacing  riveted  in  the  middle. 
Tbc  spacing  should  be  such  that  the  part  of  the  column  between  the  rivets  is  stroller  than  the 
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column  as  a  whole.  Speciiicationa  require  that  the  lacing  bara  make  an  angle  with  the 
member  ol  (roni  60  to  45  degrees.  The  American  Bridge  Company's  standard  lacii 
given  in  Fig.  8. 

Design  of  Lacing  Bars. — The  lacing  bars  in  a  column  hold  the  parts  of  the  column  in 
part  o(  the  diagonal  shear,  and  transfer  part  of  the  stress  in  columns  with  an  cccentr 
The  stresses  in  the  bars  required  to  hold  the  parts  oF  the  column  in  line  are  small  for 
the  column  within  the  elastic  limit  of  the  material.  The  maximum  diagonal  shear,  S, 
member  is  5  =  iP,  where  P  =  the  total  direct  axial  load  on  the  member.     In  columns 


of  the 
ig  bars  are 


line,  carry 
LC  loading. 


in  a  solid 
composed 


\  /      \maef3ars<iji^     \  / 


UHj        { 


Fig,  10.    Detail  Shop  Plan  of  Top  Chord. 


ofchannelB,angles,  etc.,  the  Range  area  isordinarilysufficient  to  carry  this  shear  without  producing 
large  streeees  in  the  lacing  bars.  The  moment,  M',  due  to  the  eccentric  loading  is  M'  "=  P-r, 
where  P  =  the  total  direct  load  on  the  column  and  e  =  the  eccentricity  of  the  loading.  The 
lacing  bars  will  take  the  shear  due  to  this  bending  moment,  if  the  flanges  are  light.  It  will  be 
seen  from  the  foregoing  that  I  he  stresses  in  lacing  bars  depend  (l)  upon  the  make-up  of  the  column, 
(2)  upon  the  care  used  in  building  the  column,  and  (3)  upon  the  eccentricity  of  the  loading. 

For  a  column  with  a  concentric  loading,  experiments  show  that  the  allowable  unit  stress 
may  be  represented  by  the  straight  line  formula  P  =  16,000  —  jol/r  lb.  per  sq.  in.,  where  P  =  al- 
lowable unit  stress  in  the  member,  I  =  length  of  the  member,  c  to  c  of  end  connections,  and 
f  =•  radius  of  gyration  of  the  column,  both  in  inches.  Now  the  allowable  unit  stress  on  a  short 
block  is  16,000  lb.,  and  the  jol/r  represents  the  increase  in  the  fiber  stress  in  the  column.  Now  if 
weassume  that  this  fiber  stress  is  caused  by  a  horizontal  load,  Tf,appliedat  the  center  of  the  hei^ 
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of  the  column,  then  W-il4  =  jol-i/r-y,  where  /  =  moment  of  inertia  of  the  croaa-aectioa  o(  tht 
column  =  A  ■r',  where  A  =  the  area  of  the  cross-section  of  the  column,  and  y  =  the  distaoct 
from  the  neutral  axis  of  column  to  the  extreme  fiber  in  the  plane  parallel  to  the  plane  of  the  ladiq 
bars.  Then  W-l/^  =  70A  ■r'-llr-y,  and  W  -  280^  T/y.  Now  the  shear  in  the  column  wfll  In 
W/i,  and  the  shear  is  5  =-  i4oX-r/y,  and  the  stress  in  a  lacing  bar  will  be  =  i^oA-r-acHj 
where  8  —  the  angle  made  by  the  bar  with  the  axis  of  the  column.  This  shows  that  the  strese 
in  the  lacing  bars  in  the  column  with  a  concentric  loading  depend  upon  the  make-up  of  the  ctdumn 
and  are  independent  of  the  length  of  the  column. 

Details  of  CMnpreBdon  Hembcrs. — ^The  details  of  the  end-post  £0  E/|  and  top  chord  l\  E' 
of  a  highway  camel-back  truss  are  given  in  Fig.  9  and  Fig.  10.    "Batten  plates  should  be  jbtxi 
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Fig.  14.     Conventional  Signs 


as  near  the  ends  of  the  member  as  practical,  should  have  a  thickness  not  less  than  1/40  tbe  djaor 
between  centers  of  rivets  at  right  angles  to  the  axis  of  the  member,  and  should  have  a  length  r 
less  than  the  greatest  width  of  the  member  or  i}  times  the  least  width  of  the  member."  T 
distance  between  rivets  is  1'  o]"  and  the  thickness  should  be  greater  than  \"  (^ould  be  A"^' ' 
length  should  not  be  less  than  i)  times  12"  or  i'  6",  The  top  cover  plate  satisfies  the  ^xoa 
tiona  for  minimum  thickness.  The  rivet  spacing  in  the  line  of  stress  should  not  he  greater  ti 
t6  times  the  thickness  of  the  thinnest  outside  plate  (16  X  A"  =  S")  or  *"■  This  specifioii 
is  not  fulfilled  near  the  center. 

"The  rivet  spacing  should  not  be  less  than  three  diameters  of  rivet."  Rivets  are  J  inch  ^ 
the  specifications  are  fulfilled.  "  For  a  length  from  the  end  equal  to  twice  the  width  of  the  mce^ 
the  rivet  spacing  should  not  exceed  4  times  the  diameter  of  the  rivet."  This  specificaow 
fulfilled  for  ioI/i,  and  is  practically  fulfilled  for  J/iI/i.  "Where  pin  plates  are  used  at  katf 
pin  plate  must  extend  6  inches  iieyond  the  edge  of  the  nearest  batten  plate."  This  specificiox 
fulfilled  for  V\XJx,  but  is  not  fulfilled  for  UVi.    The  lacing  bars  satisfy  the  American  &■ 
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Company's  standards  fort  =  e/50,  but  not  for  1  "^  c/40.  The  rivets  in  the  pin  plates  are  arranged 
aymmetrically  with  reference  to  the  pin  centers.  Thb  may  or  may  not  be  symmetrical  with  the 
neutral  ajds  of  the  member.  The  details  of  the  joint  at  pin  U,  are  clearly  shown.  For  specifica' 
tions  (or  riveting,  see  Appendix  I.  Properties  of  channel  and  f^te  chord  sections  are  given  in 
Appendix  III. 

Shop  details  of  an  end-post  and  of  a  top  chord  of  a  railway  bridge  are  f^ven  in  Fig.  1 1,  and 
Fig.  12.  Properties  ol  built-up  chord  sections  are  given  in  Ketchum'e  Structural  Engineer's 
Handbook. 

Allies. — The  areas  of  angles  are  given  in  Table  1,  while  the  weights  of  ang^  are  given  in 
Table  3,  Appendix  III. 

Riteti. — The  standard  form  of  rivets,  as  used  by  the  American  Bridge  Company  for  structural 
and  bridge  work,  are  given  in  Fig.  13  together  with  other  standards  for  riveting.  The  spacing  of 
rivets  in  the  legs  of  angles  and  the  maximum  sizes  of  rivets  are  given  in  Fig.  13.  The  American 
Bridge  Company's  conventional  signs  for  rivets  are  given  in  Fig.  14.  The  spacing  of  rivets  in  the 
flanges  of  channels  and  I  beams  and  the  maximum  sizes  of  rivets  are  given  in  Ketchum'e  Structural 
Engineer's  Handbook. 

The  shearing  and  bearing  values  of  rivets  for  several  different  unit  stresses  are  given  in  Table 
33,  Appendix  III. 

Pins. — The  American  Bridge  Company's  standard  bridge  pens  mth  Lomas  nuts  are  ^ven 
in  Fig.  15,  and  in  Table  34,  Appendix  III.  Square  nuts  are  sometimes  used.  The  figured  grip 
for  Lomas  nuts  is  increased  as  shown  to  make  sure  that  the  pin  has  a  full  bearing.    Where  square 


Fig.  15.    Bridge  Pin  and  Nut. 


nuts  are  used  a  washer  should  be  provided  at  one  end  and  the  grip  should  be  increased  accordingly. 

In  calculating  the  grip  it  is  usual  to  assume  that  bars  may  be  fy  inch  thicker  than  the  figured 

thickness,  that  riveted  members  may  be  1  inch  wider  or  narrower  than  the  figured  dimensions. 

Alembers  should  be  packed  on  the  pin  so  that  the  bending  moments  will  be  as  small  as  possible. 
Steel  pilot  nuts  and  points  for  protecting  the  threads  of  the  pin  are  shown  in  Fig.  17a  and  Fig.  17b, 
respectively.  The  allowable  bending  moments  on  pins  for  different  fiber  stresses  are  given  in 
Table  37,  Appendix  III.  The  method  of  calculating  the  stresses  in  [nns  is  described  in  detail  in 
Chapter  VI. 

LATERAL  PINS. — ^The  American  Bridge  Company's  standard  cotter  pins  are  given  in  Fig. 
x6,  and  in  Table  25,  Appendix  III.  These  pins  are  used  only  for  laterals  and  other  similar 
rx>embers. 

|5-i« o- <\-tH 


LATERAL  CONIVXCTIOHS.- 
n  Table*  39  to  41  in  Appendix  III. 


Fig.  16.    Cotter  Pins. 
-Details  of  lateral  connections  for  highway  bridges  ai 
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SHOES  AND  PEDESTALS.— The  bndge  rests  oi 
ferred  to  the  shoes  in  pin-connected  bridges  by  means 


or  pedestals,  the  loads  being  trans- 
:,  and  through  pins  or  through  the 
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Fig.  i8.    Details  op  Sbobs  and  Roller  Nbst  for  a  Highway  Budge. 
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riveted  joiotB  tn  riveted  bridges.  The  shoes  at  the  expantion  ends  of  the  bridge  aic  pbced  oa 
smooth  sliding  plates  (or  bridges  of  len  than  60  to  8o  ft-  span,  and  on  neets  of  rollers  or  rocken  (or 
■pans  of  greater  length.    The  action  of  the  roUen  under  the  expansion  ends  of  riveted  bridges 


6»^  fftft*  ^aio¥»d  fiaffera        Bitm. 

Fig.  19.    Details  of  a  Steel  Shoe  with  Seguental  Rollers. 

wiU  be  much  more  satisfactory  if  the  shoes  arc  pin-connected  to  the  truss  the  same  as  for  pin- 
connected  trusses.  Rollers  should  be  made  with  as  large  diameters  as  practicable  in  order  to 
reduce  the  pressure  on  the  base  plate  and  also  to  reduce  the  resistance  to  movement.     Experience 
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Fig.  30.    Details  OF  Secuental  Rollers. 

shows  that  even  for  ligbt  bridges  rollers  smaller  than  3  in.  diameter  are  practically  worthless. 
Details  of  a  roller  bearing  for  a  highway  bridge  are  shown  in  Fig.  18.  Additional  details  are 
shown  in  Chapters  XIII  and  XIV.    The  bed  plate  which  supports  the  roUera  should  be  made  of 
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sufficient  thickness  to  give  a  rigid  bearing  for  the  rollers.  To  economize  space,  segment^  rollers, 
as  ^own  in  Fig.  ig,  are  often  used  for  heavy  spans.  Details  of  segmental  rollers  are,  shown  in 
Fig.  30.  The  allowable  pressure  of  steel  rollers  on  a  steel  bed  plate  is  given  in  the  specifications  in 
Appendix  !  as  600  d  pounds  per  lineal  inch  of  roller,  where  d  is  the  diameter  of  the  roller.  Seg- 
mental rollers  permit  smaller  and  thinner  bed  plates  than  circular  rollers  due  to  the  closer  sparing 
of  the  rollers. 

The  Illinois,  Iowa,  Wisconsin  and  Minnesota  Highway  Commisaons  use  cast  iron  rockers  on 
steel  bed  plates  in  place  of  steel  rollers  for  the  expansion  ends  of  highway  bridges.  Details  of  the 
standard  rocker  used  by  the  Iowa  Highway  Commission  are  shown  in  Fig.  5,  Chap,  XIV,  This 
rocker  is  used  for  spans  from  70  ft.  to  150  ft.  The  bed  plate  b  increased  in  size  for  spansof  over 
120  ft.  Details  of  rockers  are  shown  in  Fig.  5,  Fig.  6,  and  Fig.  15,  Chapter  XIII,  and  in  Fig.  3,  Fig. 
4i  f'E-  5  3nd  Fig.  17,  Chapter  XfV.  The  standard  rocker  of  the  Illinois  Highway  CommissJoa  is 
practically  identical  with  the  Iowa  Highway  Commission  standard.  The  standard  rocker  of 
the  Wisconsin  Highway  Commission  is  somewhat  heavier,  as  can  be  seen  by  a  comparison  of  the 
details.  Cast  iron  rockers  are  commonly  designed  for  an  allowable  load  per  lineal  inch  of  rocker 
of  300  d,  where  d  is  the  diameter  of  the  rocker.  In  specifications  in  Appendix  I,  cast  iron  rocken 
are  to  be  designed  for  an  allowable  load  per  lineal  inch  of  300  d,  a  cross-bending  stress  of  3,000  lb 
per  sq.  in.,  and  a  shearing  stress  of  1,500  lb.  per  sq,  in.  Calculations  made  by  the  author  on  the 
strength  of  the  Iowa  standard  rocker  for  a  span  of  70  ft,,  gave  a  maximum  cross-bending  stress  of 
4,500  lb.  per  sq.  in.  at  the  center,  and  a  shear  of  1 ,500  lb.  per  sq,  in.  The  stresses  will  be  greater 
when  the  rocker  is  used  tor  longer  spans.  The  Wisconsin  rocker  shown  in  Fig,  4,  Chapter  XIV, 
is  somewhat  more  ri^d  than  the  Iowa  standard.  The  author  has  modilied  the  Iowa  standard 
rocker  in  the  designs  in  Fig.  16.  Chapter  XIII,  and  Fig.  tS,  Chapter  XIV,  by  increasing  the  thick- 
ness of  the  rocker  at  the  center  from  2i  in,  to  3  in. 

It  is  usual  to  specify  that  a  movement  produced  by  a  variation  of  150  degrees  Fahr.  be  pro- 
vided for.  The  coefficient  of  expansion  of  steel  is  approximately  0.000,006,7  per  degree  Fahr., 
which  makes  it  necessary  to  provide  for  approximately  one  inch  of  movement  for  each  80  ft.  of 
bridge  span. 

Where  both  bridge  seats  are  of  the  same  height,  the  fixed  end  is  carried  on  cast  iron  pedestal 
blocks.     The  blocks  are  usually  made  with  recesses  (honey-combed)  to  reduce  the  weight. 

FENCE  AND  HOB  G0ARDS.— The  fence  on  steel  bridges  is  commonly  made  of  two  lines 
of  channels  or  two  lines  of  angles  with  angle  posts.  Posts  should  not  be  spaced  farther  apart 
than  8  ft,  to  10  (t. 

The  simplest  form  of  fence  is  that  shown  in  Fig.  32.  The  posts  are  made  of  4  in.  X  4  in- 
pieces  and  arc  spaced  about  8  ft,  apart.  The  top  railing  is  made  of  two  pieces  z  in.  X  4  in.,  while 
the  side  piece  is  a  a  in.  X  8  in.    Similar  details  arc  used  for  steel  joists. 

The  4  in,  X  6  in.  felloe  guard  should  tie  firmly  bolted  to  the  floor.  Blocks  of  wood  i  or  3 
inches  thick  called  "shims"  aie  sometimes  placed  between  the  felloe  guard  and  the  floor.  Shims  are 
of  questionable  utility,  and  should  not  be  used,  A  gaa  pipe  fence  with  angle  rail  is  shown  in  Fig. 
31.  A  gas  pipe  railing  with  gas  pipe  posts  is  shown  in  Fig,  23.  The  posts  should  be  spaced  not 
more  than  8  ft.  apart.  The  rail  in  F"ig.  33  was  used  in  the  Pennsylvania  Ave.  Subway,  Phila- 
delphia, and  was  furnished  at  $0,95  per  lineal  foot.  An  ornamental  fence  with  pipe  top  rail  and 
cast  iron  newel  posts  is  shown  in  Fig.  24.  The  rail  in  Fig.  24  was  used  on  the  same  contract  as 
that  shown  in  Fig.  23.  and  was  furnished  at  22.00  per  lineal  foot.  Details  of  the  fence  and  light 
poles  for  the  20th  St.  Viaduct,  and  the  fence  on  23d  St.  Viaduct,  Denver,  Colo.,  dewgned  by  Mr. 
H.  S.  Crocker,  consulting  engineer,  are  shown  in  Fig.  25. 

WATERPROOFING.— Concrete  mixed  so  as  to  give  maximum  density  and  reinforced  with 
not  less  than  one-third  of  one  per  cent  of  reinforcement  to  prevent  cracks  is  quite  impervious. 
The  water-tightness  of  the  concrete  may  be  increased  by  plastering  the  top  of  the  slab  with  i-a 
Portland  cement  mortar. 
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Excetlent  results  will  be  obtained  by  painting  the  ude  of  the  concrete  exposed  to  hydrostatic 
pressure  with  a  coal  tar  paint,  made  by  mixing  i6  parts  of  coal  tar  with  4  parts  of  Portland 
cement  and  3  parts  of  kerosene.     The  Portland  cement  should  first  be  stirred  into  the  kerosene. 
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Fig.  23, 


forming  a  creamy  mixture,  the  mixture  is  then  stirred  into  the  coal  tar.  In  cold  weather  the  paint 
should  be  warmed.  The  paint  sinks  into  the  concrete  an  \  in.  or  so,  and  sticks  welt  to  the  surface. 
Not  less  than  two  coats  should  be  applied.  The  author  has  obtained  excellent  results  with  coal 
tar  paint  in  waterproofing  the  backs  of  retainiog  walla  and  bridge  abutments. 


—  Pipe  2}  cikirrt. 


Fig.  33. 


Fio.  24. 


Asphalt  and  coal  tar  are  also  used  for  waterproofing  concrete  structures. 

The  most  effective  waterproofing  is  to  apply  several  layers  of  burlap  soaked  in  asphalt  or  tar. 
Each  layer  is  laid  ahingle  fashion  and  each  layer  is  mopped  with  tar  or  asphalt  before  the  next 
layer  is  applied.  For  detail  specifications  for  waterjffoofing  bridge  floors  by  this  method,  see  the 
author's  "Structural  Engineer's  Handbook." 

PROTECnOH  OF  OVERHEAD  BRIDGES.— Where  bridges  span  railroad  tracks  the  steel 
in  the  floor  system,  lower  chords  and  other  exposed  parts  is  exposed  to  the  sand  blast  action  of 
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the  locomotive  exhaust  and  the  corrosive  effect  of  the  locomotive  guea.     The  clearance  above  the 
locomotives  Is  usually  small  and  the  Bteel  work  must  be  given  special  protection. 

The  following  methods  have  been  used  for  protecting  the  ateel  work  in  overhead  bridge*. 


Fence  FOR  zo^  Sr-  Viaduct, 

l^meR,  COLOKADO- 


eiEcritfC  Light  Pou, 

20^ St- y/AOl/CT,  I>eNVER,COlO- 


Fic.  35.    Steei,  Fence  for  Hicbwat  Bridges. 


(a)  Gul  Iron  Plates. — Cast  iron  plates  have  been  used  on  several  railroads.  On  the  Cleveland 
Short  Line  Nickel  Plate  Grade  Crossing,  Cleveland,  Ohio,  the  cast  iron  ceiling  plates  were  3  (t. 
4)  in.  wide  and  4  It.  long,  and  about  i  in.  thick  with  3  in.  ribe.  This  method  is  quite  satisfactory 
but  expenMve. 
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(b)  Asbetloi  Sheaikin[. — Asbestos  sheathing  in  sheets  4  ft.  by  4  ft.  by  |  in.  thick  have  been 
extensively  used  for  protecting  overhead  bridges.  The  sheets  are  fastened  to  light  angle  members. 
Tlie  bolts  extending  below  the  ad>e>t(M  sheets  are  covered  with  a  mirture  of  asbestoa  fiber  and 
Portland  cement,  mixed  I  to  3.  It  is  claimed  that  an  asbestoa  protection  2  ft.  on  each  aide  of  the 
center  line  of  the  track  givesaiatisfactor'  protection.  The  use  of  asbestos  sheathing  is  quite 
satisfactory. 

(c)  W<wd  Boardt. — Boards  swell  and  ifarink  and  give  an  inadequate  protection.  There  is 
also  a  fire  hazard- 

(d)  Paint  and  Cemml  Coating, — A  coat  of  red  lead  and  linaeed  oil  is  applied,  mixed  in  the 
proportions  of  35  lb:  of  red  lead  per  gallon  of  oil.  While  the  paint  is  still  wet,  clean,  coarse  sand 
is  thrown  against  it  so  that  about  one-half  the  diameter  of  the  grains  is  embedded  in  the  paint. 
After  the  paint  is  dry  two  coats  o(  cement  grout,  creamy  in  consistency  and  mixed  in  the  propor- 
tions of  one  sand  to  one  Portland  cement,  is  apjldied  with  brushes.  This  method  is  relatively 
inexpensive  and  gives  fair  protection,  where  there  is  adequate  clearance. 

(()  ConcnU  CoaUng  With  Ctmenl  Ci4n. — The  metal  to  be  protected  is  covered  with  wire 
mesh  or  expanded  metal  reinforcement.  The  cement  mortar  is  applied  to  the  reinforcement  by 
means  of  a  cement  gun.  The  cement  mortar  should  be  not  less  than  i)  in.  thick.  The  results 
obtained  by  this  method  are  satisfactory  where  condittoru  are  not  too  severe.  This  method  ha* 
the  added  advantage  that  the  entire  structure  may  be  coated  and  the  steel  part  of  the  structure 
can  be  rnade  to  harmooiie  with  the  concrete.  Fairly  satisfactory  results  have  been  obtained  by 
applying  the  mortar  with  trowels.  For  description  of  the  cement  gun  and  of  its  work,  see 
Journal  Western  Society  of  Engineers,  Vd.  19,  1914,  pp.  372-318. 

PAIimnG. — Paint  is  a  combination  of  a  pigment  and  a  vehicle.  The  common  [Mgments 
used  for  painting  structural  steel  are  red  lead,  white  lead,  iron  oxide,  zinc,  graphite  or  carbon. 
Linseed  oil  is  the  best  and  most  common  vehicle.  Linseed  oil  oxidizes,  and  the  hardening  of  the 
film  can  be  hastened  by  the  addition  of  Japan  drier,  turpentine  or  other  drier.  The  drier  weakens 
the  film  and  should  not  be  used.  By  heating  raw  linseed  oil  for  the  required  time  the  film  hardens 
much  more  rapidly.  Boiled  linseed  oil  should  be  used  for  structural  steel  points.  The  pigment 
should  be  thoroughly  ground  into  and  be  mixed  with  the  oil.  A  common  rule  for  mixing  paint 
b  to  mix  with  each  gallon  of  linaeed  oil  a  weight  of  pigment  in  poundsequal  tothree  to  four  times 
the  specific  gravity  of  the  pigment.  Tliis  rule  gives  the  following  weights  per  gallon  of  linseed  oil: 
red  lead,  35  to  33  lb.;  white  lead,  19  to  36  lb.;  zinc,  15  to  3 1  lb.;  iron  oxide,  13  to  30  lb.;  lamp- 
Uack,  8  to  10  lb.;  graphite,  8  to  10  lb. 

The  covering  capacity  of  a  paint  depends  upon  the  uniformity  and  thickness  of  the  coating. 
To  obtain  any  given  thicknesa  of  paint  requires  practically  the  same  amount  of  paint,  whatever 
its  pigment  may  be.  A  graphite  or  carbon  paint  will  cover  nearly  twice  aa  much  surface  as  a  good 
red  lead  paint.  Red  lead  or  iron  oxide  will  cover  a  surface  of  500  to  600  sq.  ft.  with  one  coat; 
while  carbon  or  graphite  will  cover  a  surface  of  from  750  to  Soo  sq.  ft.  Light  structural  work 
will  average  about  350  «q.  ft.,  and  heavy  atructural  work  about  IJO  sq.  ft.  per  net  ton  of  metal. 
It  is  the  common  practice  to  estimate  )  gallcai  of  paint  per  ton  for  the  first  coat,  and  |  gallon  of 
paint  for  the  second  coat  per  ton  of  structural  steel  for  average  conditions. 

The  paint  should  be  thoroughly  brushed  out  with  a  round  brush  to  remove  all  the  air.  The 
paint  should  be  mixed  only  as  wanted,  and  should  be  kept  well  stirred.  When  it  is  necessary  to 
apply  paint  in  cold  weather,  it  should  be  heated  to  a  temperature  of  130  to  150  degrees  F.;  paint 
should  not  be  put  on  in  freezing  weather.  I^int  should  not  be  apfdied  when  the  surface  is  damp, 
or  during  foggy  weather.  The  first  coat  diould  be  allowed  to  stand  for  three  or  four  days,  or  until 
thoroi^hly  dry,  before  applying  the  second  coat.  If  the  second  coat  is  applied  before  the  first 
ooat  has  dried,  the  drying  of  the  first  ccat  will  be  very  much  retarded. 

Before  applying  the  paint  the  surface  should  be  thoroughly  cleaned  of  all  dirt,  grease,  scale, 
rust  or  dead  paint.  The  metal  may  be  cleaned  by  scraping  and  brushing  with  wire  brushes,  or 
by  means  of  a  sand  blast.    The  cost  of  cleaning  steel  with  a  sand  blast  will  vary  from  $1.50  to 
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$a.oo  per  l/vn,  not  including  rent  (or  the  apparatus.  The  paint  should  be  applied  immediately 
after  cleaning,  and  before  rusting  has  started. 

For  additional  data  on  paints  see  the  author's  "  Structural  Engineer's  Handbook." 

The  most  common  shop  coat  is  red  lead  paint,  although  eome  enf^neere  prefer  linseed  oil 
alone,  or  mixed  with  sufiicient  lampUack  to  give  a  black  coating. 

The  specifications  for  paint  and  painting  as  required  by  various  commissions  follow.  The 
author's  spedfications  for  field  painting  are  given  in  Appendix  1. 

Biam^es  of  Paint  SpeciflcatioiiB. — The  practice  in  painting  highway  bridges  will  be  shown 
by  the  following  abBtracte  from  specifications. 

Iowa  Highway  Commladon. — Painting  Metal  Stmctnres.— One  shop  coat  and  one  field  coat 
are  required.  All  metal  must  be  cleaned  of  rust,  scale,  dut  or  grease  and  must  be  dry  before  apply- 
ing shop  coat.  Shop  coat  to  be  applied  after  assembling  and  riveting.  Parts  not  accessible  after 
erection  to  be  painted  two  coats.  Machined  surfaces  to  be  coated  with  lead  and  tallow.  Shop 
paint  shall  be  one  of  the  following  pigments  mixed  with  pure  linseed  oil  or  China  wood  oil,  witn 
not  more  than  lo  |)er  cent  Japan  drier.  Red  lead  paint,  not  less  than  65  per  cent  pigment;  sub- 
limed blue  lead  paint,  not  less  than  60  per  cent  pigment;  sublimed  lead  sulfate,  not  less  than  60 
per  cent  pigment;  basicleadorzincchromate  pamt, not  lesathanCoper cent  pigment;  ironoxide 
paint,  not  less  than  55  per  cent  pigment;  graphite  paint,  not  less  than  35  per  cent  pigment.  Iron 
oxide  is  to  be  mixed  with  not  less  than  10  per  cent  basic  lead  or  zinc  chromate.  Natural  graphite 
is  to  be  mixed  with  not  less  than  20  per  cent  ba^  lead  or  zinc  chromate.  All  percentages  are 
in  terms  of  weight  of  finished  paint. 

After  structure  is  erected  complete  it  is  to  be  cleaned  of  dirt,  grease  or  oil  and  is  to  be  gi%'ea 
one  coat  of  paint.  Field  paint  shall  be  one  of  the  following  pigments  mixed  with  pure  boiled 
linseed  oil  or  China  wood  oil,  with  not  more  than  10  percent  Japan  drier.     Red  lead,  not  less  than 


less  than  55  per  cent  pigment;  iron  oxide,  not  less  than  50  per  cent  pigment;  pure 
.  .natural),  or  pure  carbon,  not  less  than  3$  per  cent  pigment.  Red  lead  is  to  have  some 
pigment  in  sufncient  quantities  to  eliminate  fading  of  straight  red  lead  paint. 


55  per  cent  pigment;   sublimed  blue  lead,  not  less  than  50  per  cent  pigment;   sublimed  sulfate  of 
J^l       _.  ,.__  .u__ .  _■ .      ■___    __-J_     __.  >___  ... _■ ..    

gra 

tinting  pigment  in  sufficient  quantities  to  eliminate  fading  ol  „        ,  .  .. 

No  painting  shall  be  done  in  wet  weather,  or  when  the  temperature  is  not  above  45  degrees 
F  tor  at  least  10  hours  per  day. 

Before  repainting  old  bridges  all  loose  paint,  scale,  rust  and  dirt  shall  be  removed  by  a  sand 
blast,  with  metal  scrapers,  wire  brushes,  or  the  painters  torch.  The  quality  of  cleaning  shall  be 
equal  to  that  produced  by  the  sand  blast.  First  coat  of  paint  shall  be  applied  as  soon  as  prac- 
ticable after  cleaning.  If  rusting  results  before  painting,  surface  must  berecleaned.  One  coat  of 
Kime  paint  and  one  coat  of  field  paint  shall  be  applied.  The  first  coat  shall  have  time  to  dty 
tore  applying  the  second  coat. 

Wood  structures  shall  be  given  two  coats  of  white  paint  made  by  mixing  pure  white  lead 
65  per  cent,  pure  zinc  white  ao  per  cent,  and  not  more  than  15  per  cent  inert  material.  The  paint 
shall  contain  from  60  to  65  per  cent  pigment  and  pure  bailed  linseed  oil,  Japan  drier  shall  not  exceed 
10  per  cent. 

QHnois  Highway  CommisHon. — Three  coats  of  paint  sh^l  be  used  as  follows;  A  shop  coat 
of  pure  sublimed  blue  lead  and  pure  boiled  linseed  oil;  a  second  coat,  applied  in  the  field  of  a 
mixture  of  So  per  cent  pure  sublimed  white  lead  and  20  per  cent  pure  blue  lead  and  pure  boiled 
linseed  oil;  the  third  coat  to  be  of  pure  sublimed  lead  and  pure  linseed  oil.  The  mixed  paint 
shall  contain  not  less  than  50  nor  more  than  54  per  cent  of  pigment  by  weight. 

The  specifications  for  details  of  applying  shop  and  field  coats,  and  repainting  old  bridges  are 
practically  the  same  as  given  in  the  specifications  of  the  Iowa  Highway  Commission. 

Minnesota  Highway  ConunissioD. — Shop  coat  of  red  lead  made  by  mixing  35  lb.  red  lead, 
94  per  cent  pure,  with  one  gallon  pure  boiled  linseed  oil.  Field  coat  to  be  an  approved  ^phite 
paint.  If  specified,  trusses  and  railing  and  rail  posts  of  beam  spans  shall  be  painted  with  pure 
sublimed  wnite  lead  and  pure  boiled  linseed  oil  so  mixed  that  the  paint  contains  not  less  than  50 
nor  more  than  54  per  cent  pigment  by  weight.     The  use  of  tar  and  asphaltum  paints  is  prohibited. 

Michigan  Hl^way  Commismon. — Shop  coat  to  be  red  lead  and  linseed  oil.  Two  field  coats 
to  be  of  very  distinct  color*.  The  final  coat  being  black,  dther  red  lead  and  a  linseed  oil;  or 
other  paint  as  specified. 

Virginia  State  Highway  Conunisdon. — Shop  coat  of  red  lead  and  oil.  Two  field  coats,  the 
first  pure  sublimed  white  lead  and  oil;  the  second  coat  of  pure  white  lead,  with  four  ounces  of 
lampblack  in  oil  and  eight  ounchesof  French  ochre  per  100  lb.  of  pigment.  Mixed  paint  to  have 
55  per  cent  of  pigment  by  weight,  approximately  18  lb.  of  pigment  per  gallon  of  Unseed  oil. 
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Oregon  Hiehwaj  CommisBion. — Shop  coat  of  best  carbon  primer  or  red  lead  and  linseed  oil 
in  proportion  ofjo  lb.  paste  to  one  gallon  of  oU.  Two  field  coata  as  specified.  All  three  coats  of 
paint  to  be  of  difierent  color. 

PsimsylvuilA  SUte  Highway  DMutment— Shop  coat  to  be  red  lead  (85  per  cent  pure) 
mixed  with  pure  raw  linseed  oil.  Field  coats  to  be  one  coat  of  red  lead  (85  per  cent  purej,  and  two 
coats  of  white  lead  and  zinc  white,  mixed  in  proportion  of  75  lb.  white  lead  to  3^  lb.  zinc  white, 
in  pure  Unseed  oil  without  turpentine  or  drier.     Jhe  final  coat  of  paint  may  be  tmted  as  deured. 

Bn^eeting  Institute  of  Cuuda. — Shop  coat  of  pure  red  lead  and  lampblack  mixed  in  the 

Eropdrtions  of  35  lb.  of  red  lead,  4  oz.  of  lampblack,  and  one  gallon  boiled  linseed  oil.  Shall  not 
e  thinned  with  turpen.ine,  benzine  or  other  liquids,  and  no  drier  will  be  allowed.  Parts  in- 
acceswble  after  erection  to  be  given  two  coats  of  shop  paint.  Planed  and  turned  surfaces  to  be 
coated  with  white  lead  mixed  with  tallow  before  leaving  the  shop.  Metal  surfaces  thoroughly 
cleaned  before  applying  shop  coat,  using  sand  blast  if  necessary  and  dusted  with  stiff  bristle  brush. 
Two  field  coats  of  approved  paint  after  erection.     Field  coats  to  be  of  different  colors. 

In  "Bridge  Engineering"  Mr.  J,  A.  L.  Waddell  after  a  thorough  discussion  recommends  a 
shop  coat  of  red  lead  ground  in  linseed  oil,  and  two  field  coats  of  carbon  or  graphite  paint. 

PaintiflK  Railroad  6rJdgea.^An  analysis  of  the  practice  of  painting  railway  bridges  (Proc. 
A.  R.  E.  A.,  1915)  shows: 

(i)  For  a  shop  coat,  29  out  of  50  used  red  lead;  5  out  of  soused  linseed  oil  alone;  6outofso 
used  linseed  oil,  painting  parts  in  contact  with  paint;  8  out  of  50  used  graphite  and  carbon  pig- 
ments, including  lampblack;   3  out  of  50  used  miscellaneous  paints. 

(2)  For  field  coats  on  new  steel,  13  out  of  4S  used  red  lead;  24  out  of  48  used  carbon  or 
graphite  or  both;  13  out  of  48  used  miscellaneous  paints. 

(3)  For  maintenance,  13  out  of  46  used  carbon;  7  out  of  46  used  graphite;  4  out  of  46  used 
both  carbon  and  graphite;    11  out  of  46  used  red  lead;    11  out  of  46  used  miscellaneous  paints. 

Painting  Umber  Structures. — Ohio  State  Highway  Department  specifies  three  coats  of 
white  paint  for  timber  structures.  The  white  paint  is  made  by  mixing  75  lb.  white  lead  in  oil,  . 
35  lb.  zinc  oxide  in  oil,  4  gallons  raw  linseed  oil,  and  i  quart  drier. 

For  specifications  for  painting  timber  structures,  see  S  49,  General  Specifications  for  Timber 
Bridges  and  Trestles  in  Chap.  XVI. 
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CHAPTER  XVI. 
Design  op  Timber  Bridges  and  Trestles. 

btrodtictla). — Ttmber  highway  bridges  were  forroeriy  quite  generally  used,  and  are  still 
in  lue  for  tempotaiy  structures  and  in  localities  where  transportation  is  difficult  and  suitable 
limber  is  available.  Ttmber  truss  bridges  are  usually  made  with  the  Howe  type  of  truss  with 
timber  top  and  bottom  chorda  and  diaigonal  braces,  and  with  steel  rods  for  vertical  ties.  Timber 
floorbeami  and  joists,  and  a  timber  flooring  are  used,  "nmber  Howe  through  truss  bridges  of 
more  than  about  70  (t.  span  are  commooly  boused  to  protect  the  bridge  timbers  from  decay. 
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Fig.  : 


Tuber  Tkestlb  BrhxiB.    Iowa  Highway  Comuissiok. 


imber  Howe  through  truss  bridges  are  comnMoly  made  with  cast  iron  packing  blocks  t( 

le  KMBtance  to  crushing,  for  the  reason  that  the  bearing  on  inclined  surfaces  of  timber  ia  much 

am  than  square  end  bearing.     Low  truss  timber  bridges  are  commonly  made  without  cast  iron 

In  the  west,  combination  timber  and  steel  highway  bridges  have  been  quite  generally  used, 
id  when  well  designed  and  constructed  give  excellent  service.  Combination  bridges  are  usually 
ade  with  the  Pratt  type  of  tniaa,  with  timber  top  chonls,paMs,  struts,  fkxKbeams,  joist,  and  floor, 
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TIMBER  TRESTLES.  257 

and  with  ste«l  lower  chords,  diagonale  and  lateral  rods.  Howe  trusses  are  occasionally  made  with 
steel  angle  lower  chords;  or  with  steel  bais  fastened  to  the  timber  lower  chords  to  take  the  tension 
while  the  timber  ^ves  the  necessary  stiffness. 


THIBBR  TRESTI£S. — Timber  treaties  may  be  made  by  u^ng  pile  bents  or  by  using  framed 
bents.  The  framed  bents  have  the  lower  sills  resting  on  piles  or  on  concrete  or  stone  blocks. 
Timber  mudoills  may  b:  used  in  temporary  structures,  but  should  never  be  used  in  permanent 
construction. 
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Details  o(  a  timber  highway  trestle  bridge  as  designed  by  the  Iowa  Highway  Commiawon 
are  shown  in  Fig.  i.  The  allowable  stresses  were  the  same  as  for  timber  bridges.  The  specifica- 
tions of  the  Iowa  Highway  Commission  provide  for  creosoting  the  timbers  and  gnles  in  permanent 
timber  pile  trestle  bridges. 


'  B«fts!o/Hl4 

Shemmtq  nodwtrfUr  dovHt 

Fig.  4.    HiGBWAY  Crossing.    Illinois  Central  Railroad. 

Details  of  a  pile  trestle  (or  a  railroad  are  given  in  Fig.  2,  and  of  a  frame  trestle  (or  a  railroad 
are  given  in  Fig.  3.  These  plans  represent  standard  practice  in  the  design  of  timber  trestle 
bridges  for  railroads,  and  furnish  excellent  details  for  the  engineer  who  is  deugning  highway 
bridge  trestles. 
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TIMBER  TRUSS  BRIDGES.— A  timber  highway  bridge  dea'gned  by  the  Illinois  Central 
R.  R.  for  an  overhead  crossing  is  shown  in  Fig.  4.     Details  of  the  joints  are  shown  in  Fig.  5. 

The  details  of  a  standard  timber  truss  bridge  as  designed  by  the  Iowa  Highway  Commisdon 
are  given  in  Fig.  6.  Standard  plans  have  been  prepared  lor  two  and  three  panel  timber  bridges 
with  panel  lengths  of  15  ft.,  17  ft.  and  19  ft.    The  two  panel  bridge  with  30  It.  span  has  the  same 
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sections  and  the  same  details  as  the  end  panels  of  the  45  ft.  span  shown  in  Fig.  6,  except  the  extra 
block  at  the  lower  end  of  the  end-poet  is  omitted. 

The  Iowa  Highway  Commission  uses  the  following  allowable  stresses  in  the  design  of  timber 
structures  in  lb.  per  sq.  in.  Douglas  fir,  white  oak,  and  long  leaf  yellow  pine.  Bending  on  extreme 
fiber,  1,500;  tension  with  grain,  1,500;  compression  with  grain,  1,500;  shear  parallel  to  grain,  150; 
longitudinal  shear  in  beams,  tio;  compression  perpendicular  to  grain,  300.    Stresses  in  columns, 
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ijoo-i5//d  where  I  =  length,  and  d  =  leaat  side  or  diameter,  both  in  inches.    Axial  tension  on 
net  seciion  of  Btecl,  16,000. 

Details  of  a  combination  timber  bridge  with  a  span  of  40  ft.  are  given  in  Fig.  7  A  hip  casting 
was  used  aa  shown.  The  end  shoe  is  made  of  a  12"  X  13"  X  )"  plate  to  which  is  riveted  a 
3l"  X  S"  X  i"  angle  12  in,  long. 


Fig.  7.     Details  or  a  Tuber  Highway  Bridge. 

Details  of  a  loo-ft.  span  cominnation  bridge  are  ^own  in  Fig.  8.  Castings  are  used  for  the 
hoc,  hip  and  upper  chord  joints,  while  steel  shoes  aie  used  for  the  intermediate  posts.  This 
■ridge  may  also  be  built  with  steel  iloorbeams.  The  weight  of  the  metal  in  a  combination  bridge 
/ill  vary  with  the  details.  For  the  bridge  shown  in  Fig.  fi,  the  total  weight  of  the  cast  iron  and 
teel  is  about  45  per  cent  of  the  weight  of  a  steel  bridge  having  the  same  capacity. 

The  details  of  a  60-ft.  span  Howe  truss  highway  bridge  built  in  191G  by  the  Utah  Highway 
ommisuon  are  shown  in  Fig.  9.  This  bridge  is  designed  for  a  dead  load  of  680  lb.  per  lineal  foot, 
-id  a  live  load  of  100  lb.  per  sq.  ft.  and  an  18-ton  road  roller.  Impact  on  trusses  18  per  cent, 
1  floor  35  per  cent.  The  tension  in  the  lower  chord  is  carried  by  a  steel  plate  laid  on  top  of  two 
in.  X  4  '"•  timbers.  The  trusses  are  braced  laterally  by  means  of  3  in.  X  3  '■>■  X  I  in.  angles, 
his  bridge  contains  14,407  board  feet  of  lumber,  4,347  lb.  of  steel  angles,  plates,  bolts  and  nails, 
S56  lb.  of  castings,  and  739  lb.  of  hangers  and  nuts.  Bridges  of  this  type  are  built  with  spans 
>m  ao  ft.  to  80  ft. 

DETAILS  OP  DESIGN.— The  allowable  stresses  to  be  used  in  designing  timber  bridges 
cJ  treMi«B  are  ^ven  in  the  General  Specifications  for  Timber  Bridges  and  Trestles  in  the  latter 
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part  of  this  chapter.  The  aliowable  stresses  used  by  the  Iowa  Highway  Commission  in  the 
design  of  timber  bridges  and  trestles  are  given  in  the  description  of  the  standard  tntss  bridges 
designed  by  the  Commission.  The  effect  of  impact  is  usually  omitted  in  designing  timber  bridges, 
nessnie  on  Inclined  Surfaces. — The  safe  unit  comfwcsuve  stress  on  timber  on  surfaces 
inclined  to  the  direction  of  the  libers  may  be  calculated  by  the  formula  propoeed  by  Professor 
H.  S.  Jacoby,.  which  is  as  follows: 

p  —  «-8in'fi  +  ccoe'fl 

where  p  ••  allowable  unit  compression  in  lb.  per  sq.  in.  on  inclined  surface; 
e  ■>  allowable  bearing  in  lb.  per  sq.  in.  parallel  to  libers; 
t  ••  allowable  bearing  in  lb.  per  sq.  in.  perpendicular  to  6berB: 
$  "  angle  between  surface  and  libers  of  timber. 
Lateral  Strength  of  Wire  NailB.— The  safe  lateral  resistance  of  wire  nails  may  be  taken  as 

p  =  sd 

where  p  is  safe  working  resistance  of  one  nail  in  pounds,  and  d  is  the  penny  designation  of  the  nail. 

Lag  Screws. — The  safe  lateral  resistance  of  lag  screws  when  fastening  plates  1  to  }  in.  thick 
to  timbers  may  be  taken  as  follows: 

t  in.  X  4    in.  lag  screws,  i,>oo  lb. 
i  in.  X  4l  in.  lag  screws,  1,500  lb. 

When  fastening  planking  to  timbers  where  the  thickness  of  the  linking  is  not  greater  than 
i  the  lei^h  of  lag  screw,  reduce  each  of  above  values  aoo  lb. 

Design  of  Bolts. — Bolts  when  used  in  making  timber  splices  should  have  full  size  washers 
and  should  be  well  drawn  up.  In  splicing  timber  the  splice  bolts  take  bending  stresses  as  well  as 
shearing  stresses.  For  timbers  not  more  than  two  inches  thick  the  bolts  may  be  designed  for 
shear  only.  Professor  H.  5.  Jacoby  in  "Structural  Details"  assumes  the  bearing  stress  on  the 
bolt  as  uniform  for  its  entire  length  and  shows  that  the  bending  moment  in  the  bolt  equals  the 
stress  in  the  splice  timber  multiplied  by  the  distance  from  the  center  of  the  splice  timber  to  the 
quarter  pdnt  of  the  main  timber.  For  a  main  timber  with  a  width  b  and  carrying  a  stress  P, 
spliced  with  two  splice  timbers  with  a  width  b/2,  the  total  bending  moment  on  the  splice  bolts 
will  be 

The  lensting  moment  of  a  bolt  is  equal  to 

Af'  =/-».rf*/32 
where  /  is  the  allowable  bending  stress  in  the  bolt  and  d  is  the  diameter  of  the  bolt  in  inches. 

Safe  Bearing  on  Bolts. — The  bearing  surface  is  partly  inclined  to  the  direction  of  the  stress 
and  the  safe  bearing  unit  stress  on  a  round  bolt  will  be  less  than  for  a  square  bolt.  Professor 
Jacoby  shows  that  i(  the  ratio  of  safe  bearing  on  the  end  fibers  to  the  safe  bearing  on  the  udea  of 
the  fibers  is  0.35,  the  safe  bearing  stress  of  a  round  bolt  when  used  as  a  splice  bolt  will  be  0.63  or 
I  of  the  safe  bearing  on  a  square  bolt. 

Deflnltiona  of  Timber  Bridges  and  Treetles. 
Definitions. — The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering Association. 

Wooden  Trestle. — A  wooden  structure  composed  of  upright  members  supporting  simple 
horizontal  members  or  beams,  the  whole  forming  a  support  for  loads  applied  to  the  horizontal 
members. 

I  which  the  upright  members  or  suppons  are  framed  Umbers. 
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Pile  IVestle. — A  structure  in  which  the  upright  membera  or  supports  are  piles. 

Bent.— The  group  of  membera  fonniiig  a  single  vertical  support  of  a  trestle,  designated  as 
pile  bent  where  the  principal  members  are  piles,  and  as  framed  tJent  where  of  framed  timbers. 

Post— One  of  the  vertical  or  battered  membera  of  the  bent  of  a  framed  trestle. 

Pile,— (See  definition  under  subject  of  Piles  and  Pile  Driving.) 

Batter. — A  deviation  from  the  vertical  in  upright  members  of  a  bent. 

Cap. — A  horizontal  member  upon  the  top  of  piles  or  posts,  connecting  them  in  the  form  of  a 
bent. 

Sill. — A  lower  horizontal  member  of  a  framed  bent. 

Sub-KIL — A  timber  bedded  in  the  ground  to  support  a  framed  bent. 

Intermediate  SilL — A  horizontal  member  in  the  plane  of  the  bent  between  the  cap  and  sill 
to  which  the  posts  are  framed. 

Sway  Brace. — A  member  bolted  or  spiked  to  the  bent  and  extendi:^  di^onally  across  its 

Iionj^tudhul  Strut  or  GirL — A  stiff  member  running  horizontally,  or  nearly  so,  from  bent  to 
bent. 

Longitudinal  Z-Brace. — A  member  extending  diagonally  from  bent  to  bent  in  a  vertical  or 
battered  plane. 

Sash  Brace. — A  horizontal  member  secured  to  the  posts  or  piles  of  a  bent. 

Stringer.— A  loiwitudinal  member  extending  from  bent  to  bent  and  supportit^  the  ties. 

Jacli  Stringer. — A  stringer  placed  outside  of  the  line  of  main  stringers. 

Tie, — A  transverse  timt«r  resting  on  the  stringers  and  supporting  the  rails. 

Guard  Rail. — A  longitudinal  member,  usually  a  metal  rail,  secured  on  top  of  the  ties  inside 
of  the  track  rail,  to  guide  derailed  car  wheels. 

Guard  Umber. — A  longitudinal  timber  framed  over  the  ties  outside  of  the  track  rail,  to 
maintain  the  spacing  of  the  ties. 

Packing  Block. — A  small  member,  usually  wood,  used  to  secure  the  parts  of  a  compoute 
member  in  their  proper  relative  positions. 

Packing  Spool  or  Separator.— A  small  casting  used  in  connection  with  packii^  bolts  to 
secure  the  several  parts  of  a  composite  member  in  thdr  proper  relative  positions. 

Drift  Bolt — A  piece  of  round  or  square  iron  of  specibed  length,  with  or  without  head  or 
point,  driven  as  a  spike. 

DoweL — An  iron  or  wooden  pin,  extending  into,  but  not  through,  two  members  of  the  stfuc- 

Shim. — A  small  piece  of  wood  or  metal  placed  between  two  members  of  a  structure  to  bring 
them  to  a  desired  relative  position. 

Flsh-PUte. — A  short  piece  lapping  a  jwnt,  secured  to  the  side  of  two  members,  to  connect 
them  end  to  end. 

BalkhMd.^A  wall  of  timber  placed  against  the  side  of  an  end  bent  to  retain  the  embankment. 

Stsuctural  Tiubbk. 

DeflniUonB.— The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering  Association. 

Timber.^A  single  stick  of  wood  of  regular  cross-section. 

Croes-SectJon. — A  section  of  a  stick  at  right  angles  to  the  axis. 

True.— Of  uniform  cross-section.  E>efcct8  are  caused  by  wavy  or  jagged  sawing  or  con^st 
of  trapezoidal  instead  of  rectangular  cross-sections. 

Axis. — The  line  connecting  the  centers  of  successive  cross-sections  of  a  stick. 

Straight — Having  a  stiHight  line  for  an  axis. 

Out  of  Wind. — Having  the  longitudinal  surfaces  plane. 

Foil  Length. — Long  enough  to  "square"  up  to  the  length  specified  in  the  order. 

Corner. — The  line  of  intersection  of  the  planes  of  two  adjacent  longitudinal  surfaces. 

Girth. — The  perimeter  of  a  cross-section. 

Siit. — Either  of  the  two  wider  longitudinal  surfaces  of  a  stick. 

Edge. — Either  of  the  two  narrower  longitudinal  surfaces  of  a  stick. 

Pace,— The  surface  of  a  stick  which  is  exposed  to  view  in  the  finished  structure. 

Sapwood.— A  cylinder  of  wood  next  to  the  bark  and  of  lighter  color  than  the  wood  within. 
It  may  be  of  uneven  thickness. 

Hesrtwood. — The  older  and  central  part  of  a  log,  usually  darker  in  color  than  sapwood. 
It  appears  in  strong  contrast  to  the  sapwood  in  some  species,  while  in  others  it  is  but  slightly 
different  in  color. 

Spriugwood. — The  inner  part  of  the  annual  ring  formed  in  the  earlier  part  of  the  season, 
not  necessarily  in  the  spring,  and  often  containing  vessels  or  pores. 

Sommerwood. — The  outer  part  of  the  annual  ring  formed  later  in  the  season,  not  necessarily 
in  the  summer,  being  usually  dense  in  structure  and  without  conspicuous  pores. 
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DM«;^^^}mplete  or  partial  disintesratioa  tA  the  cell  walls,  due  to  the  growtb  ot  fungi. 

Sound. — Free  from  decay. 

Solid.— Without  cavitica;  free  from  loose  heart,  wind  sbakee,  bad  checks,  apliti  or  breaks, 
looBC  slivers,  and  worm  or  insect  holes. 

Wane. — A  deficient  corner  due  to  curvature  or  to  taper  of  the  log. 

Square  Cornered. — Free  from  wane. 

Knot — The  hard  mass  of  wood  formed  in  a  trunk  at  a  branch,  with  the  grain  distinct  and 
Bepara.te  from  the  grain  of  the  trunk. 

Cros^Grain. — The  gnarly  mass  of  wood  surrounding  a  knot,  or  grain  injuriously  out  of 
parallel  with  the  axis. 

Wind  Shake. — A  crack  or  fissure,  or  a  series  of  them,  caused  during  growth. 

Standard  Defects  of  Structural  Timber.* 

The  standard  defects  included  in  the  following  list  are  mostly  such  as  may  be  termed  natuisl 
defects,  as  distinguished  from  defects  of  manufacture.  The  latter  have  usually  been  omitted, 
because  the  defects  of  manufacture  are  of  minor  ugnificance  in  the  grading  of  structural  timber; 

Sound  Knot. — A  sound  knot  is  one  which  is  solid  across  its  face  and  is  as  hard  as  the  wood 
surrounding  it.  It  may  be  either  red  or  black,  and  is  so  &xed  by  growth  or  position  that  it  will 
retain  its  place  in  the  piece. 

Loose  Knot — A  loose  knot  is  one  not  Brmly  held  in  place  by  growth  or  position. 

Kth  Knot — A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  I  in.  in  diaroetert 
in  the  center. 

Encased  Knot — An  encased  knot  is  one  which  if  surrounded  wholly  or  tn  part  by  bark  or 
pitch.  Where  the  encasement  is  less  than  i  in.  in  width  on  each  nde,  nor  exceeding  one-half  the 
circumference  of  the  knot,  it  shall  be  considered  a  sound  knot. 

Rotten  Knot — A  rotten  knot  is  one  not  as  hard  as  the  wood  surrounding  it. 

Pin  Knot — A  pin  knot  is  a  sound  knot  not  over  }  in.  in  diameter. 

Standard  Knot. — A  standard  knot  is  a  sound  knot  not  over  i}  in.  in  diameter. 

Laige  Knot — A  targe  knot  is  a  sound  knot,  more  than  li  in.  in  diameter. 

Round  Knot — A  round  knot  is  one  which  is  oval  or  circular  in  form. 

Spike  Knot — A  spike  knot  is  one  sawn  in  a  lengthwise  direction.  The  mean  or  average 
diameter  shall  be  taken  as  the  size  of  these  knots. 

.  ntch  Pockets. — Btch  pockets  are  openings  between  the  grain  of  the  wood,  containii^  more 
or  less  pitch  or  bark.     These  shall  be  classified  as  small,  standard  and  large  {Mtch  pockets. 

Smali  Filch  Pocket. — (a). — A  small  pitch  pocket  is  one  not  over  |  in.  wide. 

Standard  Pilch  Pocket. — (b). — A  standard  pitch  pocket  is  one  not  over  |  in.  wide  nor  over 
3  in.  in  length. 

Large  Pilch  Pocket.— (c).—\  large  (Mtch  pocket  is  one  over  i  in.  wide,  or  over  3  In.  in  length. 

Pitch  Streak. — A  pitch  streak  is  a  weli'defined  accumulation  of  [Mtch  at  one  point  in  the 
piece.  When  not  sufficient  to  develop  a  well-defined  streak,  or  where  the  fiber  between  grains, 
that  is,  the  coarse  grained  fiber,  usually  termed  "sprii^  wood,"  is  not  saturated  with  pitch,  it 
shall  not  be  considered  a  defect. 

Shakes. — ^Shakes  are  splits  or  checks  in  timber  which  usually  cause  a  separation  of  the 
wood  between  annual  rings. 

Sing  Shake. — An  opening  between  annual  rings. 

Throuf^  Shakes.— A  shake  which  extends  between  two  faces  of  a  timber. 

Rot,  Dote  and  Red  Heart— Any  form  of  decay  which  may  be  evident  either  as  a  dark  red 
discoloration  not  found  in  the  sound  wood,  or  by  the  presence  of  white  or  red  rotten  spots,  shall  be 
considered  as  a  defect. 

Wane.— (See  definition  under  the  subject  of  Structural  Timber^ 

Note. — See  additional  definitions  of  defects  under  Structural  Timber. 

PiLBS  AMD  Pile  Driving,  t 

The  following  definitions  and  the  principles  of  Pile  Driving  have  been  adopted  by  the  Ameri- 
can Railway  Engineering  Association. 

Pile, — A  member  usually  driven  or 

underlying  strata,  and  by  the  friction  of  the  ground  on  its  surfac 

pile  arc:  (a)  to  carry  a  superimposed  load;  (b)  to  compact  the  surrounding  ground;  (c)  to  form  a 

wall  to  exclude  water  and  soft  material,  or  to  resbt  the  lateral  pressure  of  adjacent  ground. 

Head  of  Pile. — The  upper  end  of  a  pile. 

•Adopted  by  Am.  Ry.  Eng.  Assoc.,  Vol.  8.  1907. 

t  Measurements  which  refer  to  the  diameter  of  knots  or  holes  shall  be  considered  as  the  mean 
or  average  diameter  in  all  cases. 

t  For  an  elaborate  bUtlic^raphy  on  "  Piles  and  Kle  Driving"  sec  Am.  Ry.  Eng.  Assoc.,  Vol,  10, 


PILES  AND  PILE  DRIVING.  267 

HmiA  el  P1I«.— The  upper  end  of  a  pile. 

Foot  of  me.— The  lower  end  of  a  ^le. 

Tip  of  PUe.— The  smaller  end  of  a  pile 

Boaring  Pile. — One  used  to  carry  a  Hiperimpoted  load. 

Scrow  Pile. — One  having  a  broad-bladed  screw  attached  to  its  foot  to  provide  a  larger  bearing 

Disc  PUe. — One  having  a  disc  attached  to  its  foot  to  provide  a  larger  bearing  area. 

Batter  Pile.— One  driven  at  an  inclinatioa  to  resist  forces  which  are  not  vertical. 

Sheet  Pile.— Piles  driven  in  close  contact  in  order  to  provide  a  tight  wall,  to  prevent  leakage 
<rf  water  and  soft  materials,  or  driven  to  resist  the  lateral  pressure  of  adjacent  ground. 

Pile  Driver. — A  machine  for  driving  piles. 

Hammer. — A  weight  used  to  deliver  blows  to  a  pile  to  secure  its  penetration. 

Drop  Hammer. — One  which  is  laised  by  means  of  a  rope  and  then  allowed  to  drop. 

Steam  Hammer. — One  which  is  automatically  raised  and  dropped  a  comparatively  short 
distance  by  the  action  of  a  steam  cylinder  and  piston  supported  in  a  frame  which  follows  the  pile- 
Leads. — The  upright  paralld  members  of  a  pile  driver  which  support  the  sheaves  used  to 
h(Mst  the  hammer  and  piles,  and  which  guide  the  hammer  in  its  movement. 

Cap. — A  block  used  to  protect  the  head  of  a  pile  and  to  hold  it  in  the  leads  during  driving. 

Ring. — A  metal  hoop  used  to  bind  the  head  of  a  pile  during  driving. 

Shoe. — A  metal  protection  for  the  point  or  foot  of  a  pile. 

Follower. — A  member  interposed  between  the  hammer  and  a  pile  to  transmit  blows  to  the 
latter  when  below  the  foot  of  the  leads. 

PILB-DRIVIIIG^Piiiidples  of  Prxctlce.— (i)  A  thorough  exploration  of  the  soil  by  borings, 
or  preliminary  test  piles,  is  the  most  important  prerequisite  to  the  dedgn  and  construction  of 
pile  foundations. 

(a)  The  cost  of  exploration  is  fre<^uently  less  than  that  otherwise  required  merely  to  revise 
the  plans  of  the  structure  involved,  without  considering  the  unnecessary  cost  of  the  structures 
due  to  lack  of  information. 

(3)  Where  adequate  exploration  is  omitted,  it  may  result  in  the  entire  loss  of  the  structure, 
or  in  greatly  incr^^ed  cost. 

(4)  The  proper  diameter  and  length  of  pile,  and  the  method  of  driving  depend  upon  the  result 
of  the  previous  exploration  and  the  purpose  for  which  they  are  intended. 

(5)  Where  the  soil  consists  wholly  or  chiefly  of  sand,  the  conditions  are  most  favorable  to 
the  use  of  the  water  jet. 

(6)  In  harder  soils  containing  gravel  the  use  of  the  jet  may  be  advantageous,  provided 
sufficient  volume  and  pressure  be  provided. 

(7)  In  clay  it  may  be  economical  to  bore  several  holes  in  the  soil  with  the  aid  of  the  jet  befortf 
driving  the  |nle,  thus  securing  the  accurate  location  of  the  pile,  and  its  lubrication  wbile  beii^c 

(8)  In  general,  the  water  jet  should  not  be  attached  to  the  pile,  but  tiandled  separately. 

(9)  Two  jets  will  often  succeed  where  one  fails;  in  special  cases  a  third  jet  extending  a  part 
of  the  depth  aids  materially  in  keeping  loose  the  material  around  the  pile. 

(10)  Where  the  material  is  of  such  a  porous  character  that  the  water  from  the  jets  may  be 
dissipated  and  fail  to  come  up  in  the  immediate  vicinity  of  the  pile,  the  utility  of  the  jet  is  uncer- 
tain, except  for  a.  part  of  the  penetration. 

(it)  A  steam  or  drop  hammer  should  be  used  in  connection  with  the  water  jet,  and  used  to 
teat  the  final  rate  of  penetration. 

{12)  The  use  of  the  water  jet  is  one  of  the  most  effective  means  of  avoiding  injury  to  piles 
by  overdriving. 


(13)  There  is  danger  from  overdrivii^  when  the  hammer  begins  to  bounce.    Overdriving  is 
indicated  by  the  bending,  kicking  or  staggerii^  of  the  pile- 

(14)  The  brooming  <^  the  head  of  a  pile  dissipates  a  part,  and  in  some  cases  all,  of  the  energy 


due  to  the  fall  of  the  hammer. 

(15)  The  weight  or  the  drop  of  the  hammer  should  be  proportioned  to  the  weight  of  the 
pile,  as  well  as  to  the  character  of  the  soil  to  be  penetrated. 

(16)  The  steam  hammer  is  more  effective  than  the  drop  hammer  in  securing  the  penetration 
of  a  pile  without  injury,  because  of  the  shorter  interval  between  blows. 

(17)  Where  shock  to  surrounding  material  is  apt  to  prove  detrimental  to  the  structure,  the 
steam  hammer  should  always  be  used  instead  of  the  drop  nammer.  This  is  especially  true  in  the 
case  of  sheet  piling  which  is  intended  to  prevent  the  passage  of  water.  In  some  cases  also  the 
jet  should  not  be  used. 

(18)  In  ^neral,  tl 

sldn  (riction,  u  materia...^ , 

minutes,  and  rarely  exceeds  twelve  hours. 
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(19)  In  tidal  waters  the  resistance  o(  a  [Hie  driven  at  low  tide  is  increased  at  h^h  tide  cm 
account  of  the  extra  compression  of  the  bcmI. 

(30}  Where  a  pile  penetrates  muck  or  a  soft  yielding  material  and  bears  upon  a  hard  stratum 
at  its  foot,  its  strength  should  be  determined  as  a  column  or  beam;  omitting  the  resistance,  iifany, 
due  to  skin  friction. 

(31)  Unless  the  record  of  previous  experience  at  the  same  site  is  available,  the  approximate 
bearing  power  ma^  be  obtaineij  by  loading  test  piles.  The  results  of  loading  test  piles  should 
be  used  with  caution,  unless  their  condition  is  fairly  comparable  with  that  of  the  i»les  in  the 
proposed  foundation. 

(22)  In  case  the  piles  in  a  foundation  are  expected  to  act  as  columns  the  results  of  loading 
teat  [tiles  should  not  be  depended  upon  unless  they  are  sufficient  in  number  to  insure  their  actton 
in  a  similar  manner,  and  they  are  stayed  against  lateral  motion. 

(23)  Before  testing  the  penetration  of  a  pile  in  soft  material  where  its  bearing  power  depends 
principally,  or  wholly,  upon  skin  friction,  the  pile  should  be  allowed  to  rest  for  34  bours  after 
driving. 

(34)  Where  the  resistance  of  lules  depends  mainly  upon  skin  friction  it  is  possible  to  diminish 
the  combined  strength,  or  bearing  capacity,  of  a  group  of  piles  by  driving  additional  piles  withia 
the  same  area. 

(35)  Where  there  is  a  hard  stratum  overlying  softer  material  through  which  the  piles  arc  to 
pass  to  a  firm  bearii^  below,  the  upper  stratum  should  be  removed  by  dredging  or  otherwiise, 
provided  it  would  injure  the  piles  to  drive  through  the  stratum.  The  material  removed  may  be 
replaced  if  it  is  needed  to  provide  lateral  resistance. 

(36)  Timber  piles  may  be  advantageously  pointed,  in  some  cases,  to  a  4-in.  or  6-in.  square 
at  the  end. 

(27)  Piles  should  not  be  pointed  when  driven  into  soft  material. 

(38)  Shoes  should  be  provided  for  piles  when  the  driving  is  very  hard,  especially  in  riprap  or 
shale,  and  should  be  so  constructed  as  to  form  an  integral  part  of  the  pile. 

{39}  The  use  of  a  cap  is  advantageous  in  distributing  the  impact  of  the  hammer  more  uni- 
formly over  the  head  of  the  inle,  as  well  as  to  hold  it  in  position  during  driving. 

(30)  The  specification  relating  to  the  penetration  of  a  pile  should  faie  adaptol  to  the  soil  which 
the  pile  is  to  penetrate. 

(31)  It  is  far  more  important  that  a  proper  length  of  pile  should  be  put  in  place  without 
injury  than  that  <ts  penetration  should  be  a  specified  distance  under  a  given  blow,  or  series  of 

GENERAL  SPECIFICATIONS  FOR  TIMBER  BRIDGES  AND  TRESTLES. 

MILO  S.  KETCHUM, 
M.  Am.  Soc.  C.  E. 

■930 
Part  L    Design. 
I.  CUsaes. — Bridges  under  these  specifications  are  divided  into  two  classes,  as  follows: 
Class  Dj.     For  country  roads  with  medium  traffic. 
Class  Dt.     For  country  roads  with  light  traffic. 
3.  Lengttl  of  Span. — Timber  trestle  bridges  may  be  used  with  spans  of  10  to  35  ft.;   timber 
low  truss  bridges  with  spans  of  30  ft.  to  60  ft.;   and  timber  Howe  high  truss  bridges  above  60  ft. 
In  calculating  the  stresses  in  timber  beams  the  length  of  the  span  shall  be  taken  as  center 
to  center  of  end  bearings. 

3.  Width  of  Roadway, 
on  Di  bridges,  and  of  16  ft.  on  Dt  bridges. 

4.  Low  Truss  Bridges. — Low  truss  bridges  shall  have  the  top  chords  braced  by  knee-braces 
or  inclined  posts  at  eadi  panel  point.  The  floorbeams  shall  be  extended  to  carry  the  brace  or 
inclined  post. 

5.  Wooden  Joists. — Wooden  floor  joists  shall  be  spaced  not  more  than  aj  ft.  centers,  and 
shall  lap  by  each  other  so  as  to  have  a  full  bearing  on  the  floorbeams,  and  shall  be  separated  )  in. 
for  free  circulation  of  air.  Their  width  shall  not  be  less  than  3  in.,  or  one-fourth  the  depth  in 
width.  The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to 
the  spacing  of  the  joists  in  feet  divided  by  four  feet.  No  impact  shall  be  considered  in  the  design 
of  wooden  joists,  planks  or  ties.  Outside  joists  shall  be  designed  for  the  same  live  loads  aa  the 
intermediate  joists.     Joists  shall  be  designed  for  the  allowable  stresses  given  in  Table  I. 
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6.  Floor  Plaak. — For  single  thicknesaea  the  roadway  planlu  shall  not  be  less  than  3  in.  thick, 
nor  leaa  than  one-eighth  of  the  distance  between  centers  o(  joists,  and  shall  be  laid  transversely 
with  i  in.  openings  and  securely  spiked  to  each  ioist.  All  plank  Bhikll  be  laid  with  heart  side  down. 
When  an  additional  wearing  surface  is  required  it  shall  be  I }  in.  thick,  and  the  lower  planks  of  a 
minimum  thickness  of  3  in.  shall  be  laid  aiagonally  with  }  in.  openings.  All  floor  plank  shall  be 
spiked  with  three  5od  spikes  at  each  intersection, 

7.  Footwalk  plank  shall  be  not  leas  than  2  in.  thick  nor  more  than  6  in.  wide,  spaced  vnth 
i  in.  openings. 

All  plank  shall  be  laid  with  heart  wie  down,  shall  have  full  and  even  bearing  on  and  be 
firmly  attached  to  the  joists. 

8.  Wheel  Guards. — Wheel  guards  of  a  cross-section  of  not  less  than  6  in.  by  4  in.  shall  be 
provided  on  each  side  of  the  roadway.  They  shall  be  spliced  with  half-and-half  joints  with  6  in. 
lap,  and  shall  be  bolted  to  the  stringers  or  joist  with  |  in.  bolts,  spaced  not  to  exceed  s  ft.  apart.  - 

9.  KalUi^;. — Unless  otherwise  provided  on  the  plans,  the  bridge  shall  have  a  timber  railinE 
consisting  of  a  top  rail  made  of  two  pieces  Z  in.  by  6  in.,  and  a  lower  piece  1  in.,  by  6  in.  with 
posts  4  in.  by  4  in.  spaced  not  to  exce«l  8  ft.  centers. 

10.  Load  on  Piles. — The  maximum  load  on  a  pile  shall  not  exceed  the  load  given  by  the 
formula 

where  P  —  allowable  load  on  i»le  m  pounds;  W  —  weight  of  drop  hammer  in  pounds;  k  ••  height 
of  free  fall  of  hammer  in  feet;  s  >  average  penetration  of  the  pile  for  the  last  six  blows  of  the 
hammer.     For  a  steam  hammer  replace  unity  in  the  denominator  by  o.i. 

Piles  shall  have  a  penetration  of  not  less  than  10  ft.  in  hard  ground,  and  not  less  than  15  ft. 
in  soft  ground. 

11.  Dead  Loada. — The  dead  load  shall  consist  of  the  weight  of  the  timber  and  metal  in 
the  bridge  and  the  weight  of  the  floor  and  all  other  material. 

13.  lire  Loads. — Bridges  shall  be  designed  to  carry  in  addition  to  the  dead  load  a  moving 
load,  either  uniform  or  concentrated,  or  both  as  specified  below,  placed  so  as  to  give  maximum 
stresses  in  each  member.    No  allowance  shall  be  made  for  impact  on  timber  trestles  or  bridges. 

Class  Di.  Ordinary  Cotrntry  Bridges.—For  the  floor  and  its  supports  a  load  of  too  lb.  per 
sq.  ft.  of  total  floor  surface  or  a  15-ton  motor  truck  with  axles  spaced  10  ft.  and  wheels  6-ft. 
c«ntcr9,  and  occupying  a  space  10  ft.  wide  and  30  ft.  long,  with  10  tons  on  rear  axle  and  5  tons 
on  front  axle,  with  rear  wheels  15  in.  wide.  Trusses  are  to  be  designed  for  a  live  load  of  100  lb. 
per  aq.  ft.  for  spans  of  30  ft.  and  less,  75  lb.  per  sq.  ft.  for  spans  of  80  ft.  and  over,  and  proportional 
between  30-ft,  and  80-ft.  span. 

Class  Di  lii^t  Country  Highway  Bridges. — For  the  floor  and  its  supports  a  load  o(  90  lb. 
per  sq.  ft.  of  total  floor  surface  or  a  lo-ton  motor  truck  with  axles  spaced  10  ft.  and  wheels  6  ft. 
centers,  and  occupying  a  space  8  it.,  wide  by  25  ft.  long,  with  two-thirds  of  total  load  on  rear 
axle,  with  rear  wheels  10  in.  wide.  Trusses  are  to  be  designed  for  a  load  of  00  lb.  per  sq.  ft.  for 
spans  of  30  (t.  and  less,  60  lb.  per  sq.  ft.  for  spans  of  80  ft.  and  proportional  between  30-ft.  and 
80-ft.  span, 

13.  Wind  Loads. — The  lateral  bracing  in  unloaded  chords  shall  be  designed  for  a  lateral 
wind  u>ad  of  150  lb.  per  lineal  foot,  the  lateral  bracing  in  loaded  chords  shall  be  designed  for  a 
lateral  wind  load  of  300  lb.  per  lineal  foot,  both  loada  considered  as  a  moving  load.  In  low  trusses 
or  trestles  the  load  on  the  unloaded  chord  may  be  omitted. 

Trestles  in  addition  to  the  above  shall  be  designed  for  a  lateral  pressure  of  loo  lb.  for  each 
vertical  lineal  foot  of  trestle  bent. 

Wind  loads  need  not  be  considered  unless  the  wind  load  unit  stresses  are  greater  than  25 
per  cent  of  the  unit  stresses  due  to  dead  and  live  load  loads;  in  which  case  the  unit  stresses  due 
to  dead  and  live  loads  may  be  increased  25  per  cent. 

Partn.    Unit 


16.  Timber. — The  stresses  on  timber  shall  not  exceed  the  values  given  In  Table  I. 

17.  Pressure  on  Inclined  Surfaces. — The  safe  unit  compressive  stress  of  timber  on  timber 
suHaces  inclined  to  the  direction  of  the  fibers  shall  not  exceed  the  following  in  lb.  per  sq.  in. 

p  -f^n^e  +  ccoafe 
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where  p  —  allowable  unit  compreaskia  on  inclined  surface; 
e  ~  allowable  birring  parallel  to  fibers; 
=  allowable  bearing  perpendicular  to  fibers; 
'    '  I  Burface  and 


e  —  angle  between  bi 


«  and  Gbers  o(  timber. 

TABLE  I. 
Timber  Highway  Budges  and  T^ustlbs. 
Pounds  pbb,Squakb  Inch. 


Kind  of  Timber. 

nbt^* 

Sh«r 
Gr^.  ° 

s& 

c._                 1 

P.r.lld  H> 
GrxlB. 

S- 

Dougla.  Fir 

1,500 

2IO 

140 

400 

«.S0O 

1,200 

"■"(-a) 

LongleafPine 

1,500 

^v> 

ISO 

3SO 

1,500 

.,200 

M~{.-i,) 

Shortleaf  Pine 

1,400 

no 

itio 

aiS 

1,400 

1,100 

■■*»{■-&) 

White  Pine 

I,,00 

'»S 

90 

300 

i,»oo 

900 

'M'-D 

c 

190 
160 

90 
115 

315 

200 

1,400 

1,000 

NorwiyPine 

1,000 

750 

Wotcm  Hemlock  . 

1,400 

a» 

US 

JOO 

1,500   _ 

1,200 

■W-^) 

P 

ISO 
z6o 

90 
I4fl 

125 

600 

100 

■■«»(- ^) 
■■!■»(■ -a) 

White  Oak 

I.JOO 

1,500 

1,100 

L  =  length  of  column  in  inchee. 

d  •  diam.  or  jeait  aide  of  column  in  incli 

Stresses  are  for  green  timber  and  are  to  1 

and  l,MX>,ooo  for  other  timbers  given 

ei. 

e  u«ed  without  incre 
■  Fir,  Longleaf  Pine 
in  Table  I. 

ate  for  im 
Shortleaf 

act, 

I^ne  and  ^ 

etteni  Hemlock: 

ion,  16,000  lb.  per  sq.  in.     Axial  compres- 
._.  , -^ with  a  maximum  of  14,000  lb.  per  »q.  in,, 

where  I  =  length  and  r  »  radius  of  gyration  of  the  member,  both  in  inches. 

Bending  on  extreme  fiber  oE  rolled  or  built-shapes,  16,000  lb.  per  sq.  in.;  on  pins  24,000  lb- 
Shearing  on  shop  riveta  and  pins,  12,000  lb.  per  sq.  in.    Shearing  art  field  rivets  and  turned 

bolts,  and  on  gross  section  oi  web  of  plate  girders,  10,000  lb.  per  sq.  in.    Bearing  on  shop  rivets 

and  pins,  24,000  lb.  per  sq.  in.     Bearing  on  field  rivets  and  turned  bolts,  30,000  lb.  per  sq.  in. 

Bearing  on  expansion  steel  rollers,  6ood  lb.  per  lineal  inch,  where  d  —  diameter  of  roller  in  inches. 

Bearing  on  granite  and  Portland  cement  concrete,  600  lb.  per  sq.  in. 

19.  Stresses  in  Cast  Iron.^Axial  tension,  3,000  lb.  per  sq.  in.     Bearing,  la.ooo  lb.  per  sq.  in. 

Shear,  1,500  lb.  per  sq.  in.    Bearing  on  cast  iron  rockers  or  rollers,  jood  lb.  per  lineal  inch,  iraerc 

d  m  diameter  of  roclcer  or  roller  in  inches. 

Partm.    HatMialB. 

ao.  Timber. — All  timber  ^all  preferably  be  Douglas  fir,  long-leaf  yellow  |»ne,  white  oak  oc 
western  hemlock.  Timber  piles  shall  preferably  be  wnite,  post  or  burr  oak,  Douglas  fir,  longleaf 
pine,  tamarack,  white  or  rea  cedar,  chestnut,  redwood  or  cypress. 

21.  General  Requirements. — Ail  timber  shall  be  cut  from  sound  li\-e  trees,  and  shall  be 
sawed  to  standard  size.     It  must  be  close  grained  and  solid,  free  from  defects  such  as  injurious 
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ring  shakes  and  cross  ^in,  unsound  or  loose  knot  ,  „      .   . 

or  other  defects  that  will  impair  its  strength  or  fitness  for  the  purpOK  ir 

21.  Slie  of  Sawed  Timber. — All  timber  shall  be  sawed  true  and  out  of  wind  and  shall,  vhen 
dry,  not  measure  scant  in  thickness  more  than  the  following. 

Flooring  and  boards  up  to  i)  in.  thick,  may  be  scant  ^  in. 

Planks  and  timl>erB,  rouzh  size,  from  i]  to  5]  in.  thick,  may  be  scant  i  in. 

Dimension  timber,  rougn  size,  6  in.  thick  and  up,  may  be  scant  i  in.  For  example,  a  13 
in.  X  13  in.  timber  may  be  11}  in.  X  n]  in. 

23.  Siie  of  Dreased  Timber.— When  dressed  timber  more  than  i  i  in.  in  thickness  is  required, 
a  reduction  of  1  in.  in  thickness  for  each  surface  planed  will  be  permitted  In  addition  to  the 
allowance  in  rough  timber  in  {at  and  {32.  For  example  a  13  in.  X  13  in.  timber  S.4S.  may 
be  111  in.  X  III  in. 

34.  Dlmeiuion  Tlinbar. — Dimenuon  timber  when  used  for  chords,  beams,  stringers,  caps, 
posts  and  sills  shall  show  not  less  than  75  per  cent  heart  on  each  of  four  faces,  measured  across 
the  sides  any  where  in  the  length  of  the  piece.  There  shall  t^e  no  loose  knots,  or  knots  greater  than 
3  in.  in  diameter,  or  one-quarter  {1}  the  ividlh  of  the  face  of  the  stick  in  which  they  occur.  Knots 
shall  not  be  located  in  groups  and  no  knot  shall  be  nearer  the  cd^e  of  the  stick  than  one-quarter 
(1)  the  width  of  the  face.  When  used  for  other  purposes  dimension  timber  shall  be  square  edged 
with  exception  of  I  in.  wane  on  one  edge  or  ^  in.  wane  on  two  edges,  and  ring  shalces  shall  not 
extend  over  one-eighth  (1)  the  length  of  the  piece. 

35.  Floor  Plank. — Floor  plank  shall  be  square  edged,  shall  show  one  face  all  heart  and  the 
other  face  and  two  edges  shall  show  not  less  than  seventy-five  {75)  per  cent  heart,  measured  across 
the  face  or  sides  mea^jred  an>rwhere  in  the  length  of  the  piece;  and  shall  be  free  from  loose  knots, 
or  sound  knots  more  than  1 1  in.  in  diameter. 

26.  mes. — Timber  piles  shall  preferably  be  of  longleaf  {une,  white,  burr  or  post  oak,  Douglas 
fir,  cedar  or  cypress. 

Piles  shall  be  cut  from  sound,  live  trees,  shall  be  straight,  dose  grained  and  solid,  free  from 
defects  such  as  injurious  ring  shakes,  large  and  unsound  or  loose  knots,  decay  or  other  defects 
that  will  materially  impair  the  strength  or  durability.  The  diameter  of  round  piles  near  tlie 
butt  shall  not  be  less  than  13  in.  nor  more  than  18  In,,  and  at  the  tip  of  piles  under  30  ft.  not  less 
than  8  in.,  nor  less  than  6  in.  for  piles  more  than  30  ft.  long.  Piles  must  be  cut  above  the  ground 
swell  and  must  taper  evenly  from  butt  to  tip.  Short  bends  will  not  be  allowed.  A  line  drawn 
from  the  butt  to  the  tipshall  lie  entirelywithin  thebodyof  the  pile.  All  piles  shall  be  cut  square  at 
their  ends  and  shall  be  stripped  of  their  bark. 

3^.  Steel. — All  structural  steel  shall  comply  with  the  requirements  for  structural  steel  aa 
given  m  General  Specifications  for  Steel  Highway  Bridges,  Appendix  1. 

38.  Cast  Iron. — Cast  iron  shall  comply  with  the  requirements  of  the  specifications  of  the 
American  Society  for  Testing  Materials  for  gray  iron  castings. 

Details  of  CoNsrsucnoN. 
3^.  Workmanship. — Workmanship  shall  be  of  the  best  quality  in  each  class  of  work.     Details, 
fastenmgs,  and  connections  shall  be  of  the  best  method  of  construction  in  general  use  on  first 
class  work. 

30.  Holes  shall  be  bored  for  all  bolts.  The  depth  of  the  hole  and  the  diameter  of  the  auger 
are  to  be  specified  by  the  engineer. 

31.  Framing  shall  be  accurately  fitted;   no  blocking  or  shimming  will  be  allowed  in  making 

S'ointe.  Timbers  shall  be  cut  off  with  the  saw;  no  axe  to  be  used.  Joints  and  points  of  bearing, 
or  which  no  fastening  is  shown  on  the  plans,  shall  be  fastened  as  specified  by  the  engineer. 

33.  Drhrlnc  I^les. — Piles  shall  be  carefully  selected  to  suit  the  place  and  ^und  where  they 
are  to  be  driven.  When  required  bj;  the  eingneer,  pile  butts  shall  be  banded  with  iron  or  steel  for 
driving,  and  the  tipa  with  suitable  iron  or  steel  shoes,  such  shoes  will  be  furnished  by  the  con- 
tractor at  actual  cost.  Batter  piles  shall  be  driven  to  the  inclination  shown  by  the  plans,  and 
•hall  require  but  slight  bending  before  framing.  Butts  of  all  piles  in  a  bent  shall  be  sawed  off 
to  one  plane  and  trimmed  so  as  not  to  leave  any  horizontal  projection  outside  of  the  cap.  Piles 
injured  in  driraig,  or  driven  out  of  place,  shall  either  be  pulled  out  or  cut  off,  and  replaced  l^ 
new  piles. 

33.  Caps. — Ca^  shall  be  sized  over  the  piles  or  posts  to  a  uniform  thickness  and  even  bearing 
on  pues  or  poets.     The  side  with  most  sap  snail  be  placed  downward. 

^  Chords  and  Posts. — Chords  and  poets  shall  be  sawed  to  proper  length  for  their  position 
(vertical  or  inclined),  and  to  an  even  bearmg. 

35.  Sffls. — ^Sills  shall  be  sized  at  the  bearing  of  posts  to  one  plane. 
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36.  Sw«7  Braces. — Sway  bracing  shall  be  properly  framed  and  securely  fastened  to  piles  or 
posts.     When  necessary  for  pile  bents,  filling  pieces  shall  be  used  between  the 'braces  and  the 

C"  e  on  account  of  the  variation  in  size  of  piles,  and  securely  fastened  and  faced  to  obtain  a 
ring  against  all  piles. 

37.  Lon^tudinal  Braces. — Longitudinal  X-bracei  shall  be  properly  framed  and  securely 
fastened  to  piles  or  posts. 

38.  Gilts. — GirtE  shall  be  properly  framed  and  securely  fastened  to  caps,  euD-sills,  posts  or 
piles,  as  the  plans  may  require. 

39.  Stringers. — Stringers  shall  be  sized  to  a  uniform  he^ht  at  supports.  The  edges  with 
most  sap  shall  be  ;daced  downward. 

40.  Guard  Rails. — Timber  guard  rails  shall  be  framed  as  called  for  on  the  plans,  laid  to 
line  and  to  a  uniform  top  surface. 

41.  Bulkheads.— Bulkheads  shall  be  of  sufficient  dimenwons  to  keep  the  embankment  clear 
of  the  caps  and  stringers  at  the  end  bents  of  the  trestle.  There  shall  be  a  space  not  less  than 
two  (a)  in.  between  the  back  of  end  bent  and  the  face  of  the  bulkhead.  The  projecting  ends 
of  the  bulkhead  shall  be  sawed  off  to  conform  to  the  slope  of  the  embankment,  unless  otherwise 
specified. 

43.  Bolts  and  Rods. — Bolts  shall  be  of  wrought-iron  or  steel,  made  with  square  heads, 
standard  siie,  the  length  of  thread  to  be  aj  times  the  diameter  of  bolt.  The  nuts  shall  be  made 
square,  standard  size,  with  thread  fitting  closely  the  thread  of  bolt.  Threads  shall  be  cut  according 
to  U.  S.  standards.  The  screw  ends  of  all  rods  and  bars  shall  be  upaet  so  that  the  area  of  the 
section  at  the  root  of  the  thread  shall  exceed  the  area  of  the  bar  by  15  per  cent. 

43.  Drift  Bolts. — Drift  bolts  shall  be  of  wrought-iron  or  steel,  round  or  square,  with  or 
without  head,  pointed  or  without  point,  as  may  be  called  for  on  the  plans. 

44.  Sl^es. — Spikes  shall  be  of  wrought-iron  or  steel,  square  or  round,  as  called  for  on  the 
plans;  steel  wire  spikes,  when  used  for  spiking  planking,  shall  not  be  used  in  lengths  more  than 
6  in. ;   if  greater  lengths  are  required,  wrought  or  steel  spikes  shall  be  used. 

45.  Packing  Spools  or  Separators.^Packing  spools  or  separators  shall  be  of  cast-iron,  made 
to  size  and  shape  <^Ied  for  on  plans;  the  diameter  of  the  hole  shall  be  1  in.  larger  than  diameter 
of  packing  bolts. 

46.  Cast  Washers. — Cast  washers  shall  be  of  cast-iron.  The  diameter  shall  be  not  less  than 
3)  times  the  diameter  of  bolt  for  which  the  washer  is  used,  and  its  thickness  equal  to  the  diameter 
of  bolt.     The  hole  shall  be  }  in.  lai^er  in  diameter  than  the  diameter  of  the  lult. 

47.  Wrought  Washers. — Wrought  washers  shall  be  of  wrought-iron  or  steel.  The  diameter 
shall  be  not  less  than  3i  times  the  diameter  of  bolt  for  which  the  washer  b  used,  and  not  leas 
than  i  in.  thick.     The  nole  shall  be  i  in.  larger  than  the  diameter  of  the  bolt. 

48.  Cast  Iron  Becrin^  Blocks. — Special  castings  shall  be  made  true  to  pattern,  without  wind, 
free  from  flaws  and  excessive  shrinkage.     The  size  and  shape  are  to  be  as  called  for  on  the  plans. 

^9.  Painting. — All  wood  railing^  and  posts  shall  be  given  two  coats  of  white  lead  paint.  The 
painting  shall  be  done  when  wood  is  dry,  and  as  soon  as  possible  after  erection.  The  first  coat 
shall  be  dry  before  the  second  coat  is  applied. 

All  truss  members,  and  exposed  ends  of  caps  and  stringers  shall  be  given  two  coats  of  creosote 
oil  immediatel)^  after  erection.  The  ends  of  all  truss  members  shall  be  given  two  coats  of  creoeote 
oil  before  erection. 

50.  Cleaning  Up. — On  the  completion  of  the  work,  all  refuse  material  and  rubbish  that  may 
have  accumulated  on  top  or  under  and  near  the  trestle,  by  reason  of  its  construction,  shall  be 
removed  by  the  contractor. 

REFERENCE  BOOKS.— For  additional  details  and  data  on  timber  brk^  and  trestles, 
the  following  books  may  be  consulted. 

jacoby's  "Structural  Details,  Framing  in  Heavy  Timber." 

Foster's  "A  Treatise  on  Wooden  Trestle  Bridges." 

Dewell's  "Timber  Framing." 

Ketchum's  "  Stnictural  Engineers'  Handbook." 

"Highway  Trestles,  Bridges  and  Culverts,"  published  by  Southern  Pine  Assooation,  New 
Orleans,  La.     This  book  covers  timber  bridges  and  is  furnished  gratis  by  the  Association. 

"Southern  Pine  Manual — Standard  wood  Construction,  published  by  Southern  Pine 
Association,  New  Orleans,  La. 

"Structural  Timber  Handbook,"  published  by  West  Coast  Lumberman's  AssociatioD, 
Seattle,  Washington. 
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PART   III. 

DESIGN  OF  REINFORCED  CONCRETE  BRIDGES  AND 
CULVERTS. 


CHAPTER  XVII. 

Types  of  Reinforced  Concrete  Bridges. 

Introduction. — Reinforced  concrete  highway  bridges  may  be  cUeaed  in  several  distinct 
groups  SB  followE:  (i)  Slab  bridges;  (3)  T-beam  ^rder  bridges;  (3)  through  girder  bridges; 
(4)  deck  girder  bridges;  (5)  arch  bridges;  (6)  pile  trestlea;  (7)  box  culverts;  (8)  bridge  culverts; 
and  (9)  circular  culverts. 


Fic.  I.     RsiNFOBCBD  CoKCRETE  Slab  BRmcE  viTH  TiED  Back  Wimgs.    Span  30  FT;  Road- 
'     WAY  16  FT.    Illinois  Highway  Couuission. 

I.  SabBridgM. — Sbbbndgesarewelladaptedfor  spans  of  from  10  ft.  to  about  35  ft.  They 
are  simple  in  design  and  give  a  maximum  head  room,  and  are  well  adapted  for  use  in  multiple 
■pan  construction  and  for  use  in  pile  trestles.  A  reinforced  concrete  slab  girder  bridge  with  a 
■pan  of  30  ft.  is  shown  in  Fig.  I.  Details  of  the  tied  back  wing  abutments  are  shown  in  Fig.  9, 
Chapter  XX. 

3.  T-beam  Bridfei.— The  T-beam  deck  bridge  is  adapted  to  spans  of  from  15  ft.  to  30  ft., 
where  there  is  more  headroom  than  is  necessary  for  a  slab  bridge.  The  T-beam  bridge  require* 
leas  materials  than  is  required  for  a  slab  bridge. 

19  273  . 
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Fig,  a.     Tsrougb  Girder  Bridge.    Span  6o  ft.    Illinois  Highway  Commissiok. 


Fig.  3.    Through  Girobs  Bridge.    Thrbb  50-FT.  Spans.    Illinois  Hichwav  Commission. 


Fig.  4.    Big  Vermillion  Bridge  near  La  Salle,  Illinois.    Four  4S-ft.  Spans  oi^  Through 

Reinforced  Concrete  Girders,  one  a24.FT.  Steel  Span;  Roadway,  18  ft. 

Illinois  Uigbwav  Commission. 
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3.  Deck  Girder  Bridge. — The  deck  girder  bridge  ia  adapted  to  apana  of  from  35  ft.  to  about 
60  ft.  wliere  lieadroom  is  not  limited  ahd  to  a  wide  roadway.  It  is  especially  adapted  to  viaduct 
coitstruction.     It  may  be  given  architectural  treatmeiU. 


Fig.  s.     Dbck  Gibdbk  Bridgb.     Ilunois  HrcBWAV  Cohhission. 

For  wide  bridges  where  headroom  is  adequate  a  combinatioa  of  side  through  girders  and 
interior  deck  girders  make  a  very  economical  and  satisfactory  bridge.  A  reinforced  concrete 
deck  girder  highway  bridge  is  shown  in  Fig.  5. 

4.  Through  Girder  Bridges. — The  through  girder  bridge  is  well  adapted  for  spans  of  35  ft. 
and  up  to  65  ft.  where  headroom  is  limited  and  the  roadway  is  not  more  than  zo  ft.  The  through 
girder  is  susceptible  of  architectural  treatment.  Through  gjrder  bridges  are  shown  in  Fig.  3, 
and  F^[.  3. 

The  60  ft.  span  reinforced  concrete  through  girder  bridge  shown  in  Fig.  a.  was  built  in  Illinois 
in  1910  at  a  cost  of  {1,900.  The  reinforced  concrete  through  girder  bridge  shown  in  Fig.  3,  has 
three  50-ft.  spans  carried  on  rdnforced  concrete  piers  and  reinforced  concrete  abutments.    The 


cost  of  this  bridge  built  in  Illinois  in  191 1  was  $9,850.  The  Big  Vermillion  Bridge  shown  in  Fig.  4, 
consists  of  a  steel  bridge  of  Z24-ft.  span,  and  four  45-ft.  span  rrinforced  concrete  girder  spans, 
carried  on  concrete  piers  and  abutments. 
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J.  Arches. — Reinforced  coocrete  arches  are  adapted  to  clear  spans  more  than  50  ft.  to  60  ft-, 
where  solid  foundations  are  available,  the  openings  are  high,  and  for  structures  carrying  very 
heavy  traffic  loadings.  Arch  bridges  arc  particularly  adapted  to  architectural  treatment.  Arches 
are  not  to  be  recommended  except  where  the  very  best  foundations  are  available.  A  reinfoti:ed 
concrete  arch  bridge  with  two  70-ft.  spans  and  2o-ft.  roadway  is  shown  in  Fig.  6.  The  cost  in 
Wisconsin  in  1916  was  |il, 135.00. 

6.  Pile  Trestles. — Reinforced  concrete  pile  trestles  are  adapted  to  locations  where  a  long 
bridge  is  to  be  carried  over  a  low  crossing,  where  foundation  conditions  are  adapted  to  piles,  and 
where  spans  of  15  ft.  to  20  ft.  may  be  used. 

7.  Box  Culverts. — Reinforced  concrete  box  culverts  are  well  adapted  to  spans  of  from  2  ft- 
to  12  ft.  where  it  is  desirable  tir  pave  the  channel  to  prevent  scour. 

8.  Bridge  Culverts. — Reinforced  concrete  bridge  culverta  are  adapted  to  spans  of  from  6  ft. 
to  15  ft.  where  it  is  not  desirable  to  pave  the  channel. 

9.  Circular  Culverts.— Reinforced  concrete  circular  culverts  are  especially  adapted  to  open- 
ings of  from  2  ft.  to  4  ft.  under  heavy  tills.  The  pipe  may  be  manufactured  away  from  the  site, 
and  in  this  form  is  adapted  to  a  large  range  of  conditions. 

For  types  of  reinforced  concrete  bridges  and  widths  of  roadway  recommended  by  various 
highway  commissiona  and  other  authorities,  see  Chapter  IX. 
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CHAPTER  XVIII. 
Stresses  in  Reinforced  Concrete. 

Introdnctioa. — The  proportions,  allowable  stresses,  materials  and  workmansliip  for  reinforced 
concrete  are  given  in  "General  SpecilkatioDS  for  Reinforced  Concrete  Hig:hway  Bridges  and 
Foundations,"  in  Appendix  II. 

The  BtresKB  in  reinforced  concrete  structures  are  to  be  calculated  upon  the  basis  of  the 
foUowing  assumptions: 

I.  Gilculations  are  to  be  made  with  reference  to  working  stresses  and  safe  loads. 

3.  A  plane  section  before  bending  remains  plane  after  bending. 

3.  The  modulus  of  elasticity  of  concrete  in  compression  is  constant  and  the  distribution  of 
■tresses  in  beams  is  rectilinear. 

4.  In  calculating  the  moment  of  resistance  in  beams  the  tensile  stresses  in  the  concrete  are 
neglected. 

5.  Adhesion  between  concrete  and  reinforcing  steel  is  assumed  as  perfect,  and  concrete  and 
steel  are  therefore  stressed  in  proportion  to  their  moduli  of  elasticity. 

6.  The  ratio  of  the  modulus  of  elasticity  of  steel  to  the  modulus  of  elasticity  of  concrete  is 
taken  as  n  -^  15. 

7.  Initial  stresses  in  reinforcement  due  to  the  contraction  of  the  concrete  is  neglected. 

For  the  length  of  span  to  be  used  in  calculating  the  stresses  in  reinforced  concrete  structures, 
see  |30,  "General  Specifications  for  Reinforced  Concrete  Highway  Bridges  and  Foundations," 
Appendix  II. 

STANDARD   NOTATION,    i.  Rectugnlar  Betnu. 
/.  —  tensile  unit  stress  in  steel. 
/,  —  compressive  unit  stress  in  concrete. 
«i  —  elongation  of  ateet  due  to/,. 
Ct  ~  shortening  of  concrete  due  to  /,. 
E.  —  modulus  of  elasticity  of  steel. 
£,  —  modulus  of  elasticity  of  concrete.    - 

E. 
*"£.■ 
U,  —  moment  of  renstance  relative  to  the  steel. 
U,  =  moment  of  resistance  relative  to  the  concrete. 
U  -  moment  of  resistance,  or  bending  moment  in  general. 
A  ■  steel  area, 
r  -  total  tension. 
C  —  total  compresuon. 
b  —  breadth  of  beam. 
d  —  depth  of  beam  to  center  of  steel. 
k  ••  ratb  of  depth  of  neutral  axis  to  depth  d. 
■  —  depth  of  resultant  compression  below  top  of  beam. 
j  —  ratio  of  lever  arm  to  resisting  couple  to  depth  d, 
j.d  —  d  —  s  —  arm  of  redsting  couple. 
p  —  r7^  ~  steel  ratio  (not  percentage). 
R,  —  ft-p-j  ~  coefficient  of  strength  relative  to  steel, 
JE,  -  J/e-A-j  -  coefficient  of  strength  relative  to  concrete. 
,277 
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b  ~  width  of  flange. 
b'  —  width  of  stem  or  web. 
t  =  thicknew  of  Bange. 
s  =  tfd  —  thickneaa  of  slab  +  depth  of  beam. 

3.  Beams  Rdnforced  tor  CompresdMU 

A'  »  area  of  compressive  steel. 
P'  =  steel  ratio  for  compresBive  steel. 
/,'  ~  compresBive  unit  stress  in  steel. 
C  =  total  compressive  stress  in  steel. 
d'  —  depth  to  center  of  compressive  steel. 
■  —  depth  to  resultant  of  Cand  C. 

4.  Shear  and  Bond. 

V  -  total  shear. 

/,  '  maximum  shearing  unit  stress  —  V/b-j-d. 
/.  =  bond  stress  per  unit  area  of  bar. 
o  =  circumference  or  perimeter  of  bar. 
2d  a  sum  of  perimeters  of  bars. 
s'  =  spacing  of  stirrups. 

5.  Cohmms. 

A  —  total  net  area  of  column. 
A.  ~  area  of  longitudinal  steel. 
A.  =  area  of  concrete. 
P  "  "T  ~  ^^^  ratio  for  longitudinal  steel. 
p'  •  steel  ratio  of  the  hoops  of  hooped  columns. 
P  =  strength  of  plain  concrete  column. 
P'  =  strength  of  reinforced  column. 
/  —  average  unit  stress  for  entire  cross-section. 

STRESSES  IN  RECTANGDLAlt  BEAMS.— In  U).  Fig.  I,  b  is  the  breadth,  d  is  the  depth 
of  the  beam  above  the  center  of  the  reinforcing  steel,  k-d  is  the  distance  of  the  neutral  axis  beloip 

the  top  of  the  beam,  an6j-d  is  the  arm  of  the  resisting  couple,  k  and  j  being  ratios. 

In  (d)  the  deformations  are  shown  to  be  proportional  to  the  distances  from  the  neutral  axis, 
and  in  (fi)  the  stress  in  the  steel  is  n  times  the  stress  in  the  concrete  at  the  same  distance  from  the 
neutral  axis. 

Neutral  Axis  and  Arm  of  Resisting  Couple. — Now  the  sum  of  the  horizontal  compressive 

stresses  is  equal  to  the  horizontal  tensile  stress,  and 

if,-b-t-d=f.A  (1) 

Substituting  the  value  of  ^4  =  p-b-d,  and  reducing 

U.i-I.f  (») 

From  (b)  Fig.  I,  we  have 

/.;/./.::  J.J;  «1  -  «, 

f.kd-l.n-dil  -« 
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Substituting  the  value  of/,  in  (3)  in  (3) 

y.e-f.pnll-h) 
tad 

*•  -  2p.nU  -  k) 

k  -  ^ipn  +  p'-n^  -  p-H  (4)   ■ 

This  formula  ibows  that  i  is  a  constant  for  all  beams  having  a  given  percentage  of  reinforce- 
ment and  the  same  grade  of  concrete.  The  values  of  A  for  h  »  15  and  for  different  values  of  p 
are  given  in  the  upper  part  of  Fig.  2, 

Deformation  of  Concrata 


The  centroid  of  tlie  compressive  stresses  is  i  = 
of  the  resisting  couple  is 

jd-d-  ikd,( 


ik-d  below  the  top  of  the  beam,  and  the  arm 

■i  -  ■  -  l»  (5) 


Values  of  J  for  w  —  t;  and  for  different  values  of  p  are  given  in  Fig.  a.     It  will  be  seen  that  for 
/,  =  15,000  to  16,000  lb.  per  sq.  in.  and  /,  -  600  to  650  lb.  per  sq.  in.,  j  may  be  taken  as  J. 

lloment  of  Resistaiice.^If  the  beam  is  under-reinforced  its  strength  will  depend  on  the 
steel,  and 

M.  -  Tjd  ^f.A-j-d  -f.-pjb-d^  (6) 

If  the  beam  is  over-reinforced  its  strength  will  depend  on  the  concrete,  and 

Af.  -  Cjd  =  \f.bkdjd  -  i/.*  j-6-(P  (7) 

The  resisting  moment  of  the  beam  is  the  smaller  of  the  two  values  of  M. 
Now  R,  "  }i-p-j,  and  fc  =  ifc-k-j,  and  equations  (6)  and  {7)  become 


M.  =  R^-b-d' 


{6a) 
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PercoFAaqe  Reinforcement 


10            as             1.0             15            £0 

N.                 Ill 

-~^-, 

"-sfef^- 

► -b-l         l-f.-t 

_  ItFT--  n=i5  -- 

d         i" 

i  =^J^""""T'"'^ 

'■•  -   -'.•'         ...a:?,.' 

::::::' jiiyi'M;'': 

Mr:^t;i^-:, 

^Sf  &7        '■'          fe'S-^  "^   y 

MWi/<^--4-- 

....4mwM'_'_ 

../iii%i€f/_  ___./_ 

^.M/l-'/lj...^'. 

Ahf/^i^^ 

.''^'i/"/  )f  ,i^ 

^w-/y 

i-tuY 

Hi'' 

r-  t-  -f  7" 

/ 

0.6  LO  ii 

Percentage  Reinforcement 

Fig.  3. 


Chap.  XVI 11. 


abvGoQi^lc 


STRESSES   IN  T-BEAMS.  281 

For/,  —  650  lb.  and/i  -  16,000  lb.  per  9q.  in.,  from  Fig.  3,  J{  -  107.3,  and 

<!- 0.0965  Vt  '^> 

Fiber  StTMiBi. — To  calculate  tlie  unit  fiber  stresses  for  a  given  beadii^  moment  solve  equa- 
tions {6}  and  (7),  and 

■'•      A      Ajd     p-j-b<P  ^"^ 

SMd  Ratio.— If  k  be  eliminated  by  solving  equations  (3)  and  (3)  tbe  steel  ratio  will  be 
i 


m-) 


If  a  value  of  p  leas  than  that  given  by  (10)  is  used  tbe  steel  determines  the  stretch  of  the  beam, 
while  if  p  is  greater  the  concrete  will  determine  the  strength  of  the  beam. 

Dlacram  for  Kectangular  Beams. — In  F^.  2  are  given  values  of  k  and  j  tot  n  —  15  and  for 
different  values  of  p.  Values  of  J?,  =■  T-aare  given  for  different  values  of  /t  and  p,  and  values  of 
R,  —  r— sare  given  (or  different  values  of },  and  p.     The  use  of  the  table  will  be  shown  by  three 

Problem  i.  Hosnont  of  Resistance. — Given  the  following  data:  b  —  10",  d  —  30", 
/,  -  16,000  lb.,/.  =  600  lb.,  2  steel  bars  l"  D  (/>  =  o.oi),  find  M,  and  M^ 

SotutioH. — In  F^.  3  find  value  of  percentage  of  reinforcement  p  •=  i  per  cent,  on  lower  margin 
and  follow  the  vertical  line  to  curved  line  /,  —  600,  then  follow  to  the  left  on  a  horizontal  line  and 
find  R,  —  107  on  left  margin.  In  like  manner  R,  «  138,  which  will  ovcrstreas  the  concrete. 
The  lesisting  moment  will  then  be  if  -  R,b-d'  -  107  X  10  X  30>  -  438,000  in.-lb. 

Problem  a.  Fiber  StrMsea. — Given  the  following  data;  b  «  10",  d  •■  30",  p  —  0.009 
(0.9  per  cent),  M  -  360,000  in.-lb.,  find  /.  and  fc. 

S^itlion. — R  ~  Mfb-d*  —  90.  In  Fig.  a  the  intersection  of  a  vertical  line  through  reinforce- 
ment —  0.9  percent  and  a  horizontal  line  through  R  •■  90,  gives/,  —  520  lb.  and/i  —  11,700 lb. 

ProUem  3.  CroM  eecHwi  of  Beam  and  Percentage  of  Reinforcement — Given  M  =  360,000 
in.-lb.,/.  -  14,000  lb.,/i  -  600  lb.,  to  find  b,  d  and  p. 

SoluUtm. — In  F^.  2  the  intersection  of  curved  line/c  —  600  lb.  and  straight  line/.  —  14,000 
lb.  gives  on  the  lower  margin,  p  =*  0.0084  (.0.B4  per  cent),  and  on  left  margin  gives  R  =•  103.. 
Then  fi-rf"  -  M/R  -  3,530.    Now  if  &  —  10",  then  d  ■  19", 

STRESSES  IN  T-BEAHS.— There  will  be  two  cases:  (■)  when  the  neutral  axis  is  in  the 
flange,  and  (3)  when  the  neutral  axis  is  in  the  web. 

Caae  L  The  Nentral  Azis  in  the  Flange. — The  formulas  for  a  rectangular  beam  apply,  with 
b  as  the  flange  width  and  p  ~  A  -i-  b'd,  not  A  +  b'-d. 

Approximate  Formuliu.—lt  will  be  seen  in  Fig.  3  that  j-d  is  always  greater  than  d  —  t/}, 
and  the  following  formulas  are  on  the  safe  side.  M,  -f.-A^d  -  t/s),  and/,  -  M,/A{,d  —  I/3). 
There  is  no  corresponding  approximate  formula  for  the  concrete. 

Case  IL  The  ITentnl  Axis  in  the  Web. — ^Where  the  thickneas  of  the  flange  t  is  large  as 
compared  with  the  depth  of  the  beam,  or  as  compared  with  the  width  of  the  web,  the  compresuon 
in  the  web  may  be  neglected. 
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(i)  Tho  Comprwdcm  in  the  Web  Reflected.    Nentnl  Alia  and  Arm  at  ta^Kdag  Co^le.— 
Ab  in  the  rectangular  beam 

f.-k  -  f.-Mi  -  k)  <3) 

(II) 


The  averse  unit  corapremve  sti^aa  in  the  flange  ia 

i[/.+/.(i-(/A-<0]-/.(i-ij). 


and  the  total 
Now  aince  C  -  T 


Staving  (3}  and  (la)  (or  *  we  have 


(■1) 
(•3) 


04) 


The  arm  of  the  resiating  coupk  is  il  —  t,  where  i  is  the  distance  from  the  top  of  tlie  beam  to  tlx 
center  of  the  eliaded  area  in  Fig.  3. 


2k-,    ^3 

Alao 

j-d-d-i 

Subatituting  k  from  (14)  in  (15)  and  ■  from  (15)  in  (16)  we  have 
■  f>  ~  6i  +  ai' +  H^lpn) 
'°  6-3* 

Steel  Ratio  in  Tenna  of  Fiber  Streaaes. — Solving  (13)  for  p 

RadatloK  Homania  la  Terms  ot  Fiber  Stresass. — ^Tbe  resisting  a 
stress  in  steel  is 

M,  -  T-j-d  ^f.-A.-j-d  =/.-p-jb-d' 


<I5) 
(16) 


(i«) 

(191 
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STRESSES   IN   T-BEAMS. 
The  reaisting  moment  ae  determined  by  ftrese  in  concrete  is 


M.-Cj-d-f.[i-ij^^s.}.b-d> 


CoaSdenls  of  RuiMaace. — By  definition 

b-<P 

From  (19) 
From  (30) 

nb«r  StTMsas  in  T«niu  of  Moment — ^Solving  (19)  for/. 


Solving  (ao)  iorf. 


Sted  AfM  in  Tenai  d  Sled  Rstio  aad  d  Homant.— Solving  (19)  for  A, 

Ann  of  RMtetiBf  Cot^  in  Teimi  at  Coefldont  of  Rodstance. — From  (21),  p  -  R/f,.J. 
Substituting  tn  (17)  and  aoiving 

i  _  3(1  -  0  +  »■  .    - 

■'      3(1  -i»)-(/.-^/4"-fl)  ^^' 

3,  Con^raMion  In  Web  Consldored. — Where  the  flange  ia  thin  as  compared  with  the  depth 
of  the  beam,  d,  and  width  of  web,  b',  it  may  become  necesaary  to  consider  the  compression  in  the 
web.    In  the  same  manner  ai  in  (i),  we  have 


k.i  _    iM-d-^  +  (i  -  t')f  ^  /n-A  +  (t  -  t'Xy  _ n^_+  (b  -  b')t 

<*-dC  -  W6  +  r {k-d  -()•((  +  ^^^')1 1" 
"  b-t(.ak-d~l)+b'{k-d-t)*  ^'^' 

yd  -d-t 
U.-f.Ajd 
''•  '  JkTd  '*'*■■*  ~  '^*'  +  '*■*'  ~  'Wj-J  (26) 

rirign  of  T-Beasu. — Where  the  dimensions  and  reinforcement  of  the  beam  are  given  the 
nfekadcan  be  calculated  by  the  preceding  formulas.  If  the  valueof  it-iJia  less  than  1  the  ^ntiblem 
conies  under  Case  1,  and  the  formulas  for  rectangular  beams  may  be  used. 
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Chap.  XVIII. 


STRESSES  IH  BEAMS  SEITIFOKCED  FOR  COHPRBSSIOH.— The  beam  is  rdnforced 
with  Bteel  on  both  the  compresaion  and  tension  aides. 

neutral  Axis  and  Aim  of  ResiBtiiig  Couple. — From  Fig.  4,  as  in  Fig.  i,  we  have 


Also 


f.-kd-f,„(kd-d-). 


i<-fc--H 


Fic.  4. 


For  aimpie  flexure  T  ^  C  -\-  C,  and 

I.-A  -\S,-bk-d-\-f:-A' 
Substituting  values  of  /,  and  //  from  (3)  and  (27)  in  (28),  we  have 
f  +  2n(p  +  p')k  -  2h(P  +  p'-d'ld^ 

and  solving  for  k,  ^ 

*  -  V2n(f  +  p'-d-ld)  +  Intf  +  p'V^  -n{p  +  p') 
The  arm  of  the  rewsting  couple  is 

j-d  "d  -1 
where  I  is  given  by  the  equation 

W:d+jp' -ti-d'jk  -d'/d) 

'"        k>+2p--n(t-d-ld) 
Moment  of  Reslsbmce. — If  the  beam  is  under-reinforced  01  the  tension  side  the  strength 
of  the  beam  is  determined  by  the  steel,  and 

M,  -f.-Aj-d-f.-pjb-^  (3a) 

[f  the  beam  is  over-reinforced  on  the  tension  side,  the  strength  of  the  beam  is  determined  by  the 


(a9) 
(30 


M.  =  l/,-fe(l  -  i*)i-*  +S:-p'-b-d(d  -  JO 
If  the  value  of/.'  from  (27)  be  substituted  in  (33),  then 

M,  =/,-i-rf>I*{i  -  ife)  +  »-f'(fe  -  d'ld)(\  -  d'/d)lk] 
Fiber  Strwsea.— The  stress/,  for  a 


■"      A-j-d      p-J-b-d' 
while  the  compressive  stresses  may  be  calculated  by  equations  (3)  and  (27). 


(33) 
(34) 
(35) 
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FLEXURE  AND   DIRECT  STRESS. 


e  calculatioM  assume  that  k  -  0.45  and  j  =  o 


a.  -  (0.19  +  io.5/)/.-&.rf' 


(37) 
{38) 


D  either  aide  of  the  section. 


PLSXintE  AND  DIRECT  STRESS.— When  a  member  carriet  direct  Btres*  and  at  the 
same  time  acts  as  a  beam,  there  are  both  direct  stresses  and  bending  stresses  at  any  section.  A 
common  example  b  where  the  resultant  ol  the  external  forces  on  a  beam  acting  on  one  side  of  the 
section  is  not  normal  to  the  beam.  There  are  two  cases:  (i)  where  the  neutral  axis  is  entirely 
outside  of  the  beam  and  the  combined  stresses  are  all  tension  or  all  compression,  and  (a)  where  the 
neutral  axis  is  inside  the  section  and  the  stresses  on  the  section  are  both  ti 
The  following  additional  notation  is  required: 

P  —  resultant  of  all  external  forces  acting  on  a  beam  01 
N  =•  component  of  P  normal  to  section. 
e  ~  eccentric  distance  of  P. 
M  —  bending  moment  on  section  ■=  N-e. 
A'  ~  area  of  steel  near  face  most  highly  stressed. 
d'  ■  distance  from  upper  fac«  to  center  of  steel  A'. 
A  —  area  of  steel  near  other  face. 
d  —  distance  from  upper  face  to  center  of  steel  A. 
h  ••  height  of  section. 
p'  -  steel  ratio  v4  7*  ■*. 
p  —  steel  ratio  vl/fift. 

y  —  distance  from  upper  face  to  center  of  the  transformed  section. 
At  *  area  of  the  transformed  section. 

lertia  of  transformed  section  with  reference  to  its  centroidal  axis, 
lertia  of  the  concrete  with  reference  to  the  same  axis. 
lertia  of  the  steel  with  reference  to  the  same  axis. 


Caso  I.  StreBMS  ■&  Compressloii. — (a)  The  unit  stresses  in  the  concrete  and  steel  can  be 
calculated  by  transforming  the  section,  the  steel  being  assumed  to  be  equal  to  concrete,  having 
t  times  the  area  of  the  steel,  and  acting  with  its  center  of  gravity  in  the  same  line. 
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IN  REINFORCED  CONCRETE 

Chap.  XVIII. 

A,-b-k  +  n(A  +A') 

(»> 

.m+.pd  +  .t'i' 

(40) 

'.  -  Hy"  +  (»  -  j» 

(41) 

-Al.i-yy  +  A'ly  -  iTf 

w\ 

/,-/.  +  «•/. 

<«) 

If  the  reinforcement  U  symmetrical  and  equal,  y  =  h/i,  and  /.  —  ■^•f^,  and  /,  «  aA(ih  ~  if}'. 
Now  in  F^.  5  the  direct  unit  ctresa  in  the  concrete  will  be  N/A,  and  the  maximuni  Bexural 
M-y 
unit  Btreas  in  the  concrete  »■  ,  ',  and  the  combined  streseea  are 

■^-^  M 

(«5) 

<«« 


(6)  The  etreeacs  may  be  calculated  directly  from  Pig.  6  without  t 
sections.    From  Fig.  6 

/.■-fi/.(i-d7»« 

f,  .  nU,  -  dik-h) 

Now  since  the  resultant  normal  stress  er^uals  JV,  we  have 

H-l(/.+f,'»-l,+f/-A'+/.-A 
and  sint«  M  —  moment  of  all  lorces  about  the  neutral  axis 


(4»1 
Ml 
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U  -  !(/.  +/.')^Ae-(^/^j  +f.-A-{l  -4')-  S..A  (5  -  d)  (50 

The  unit  streaees  may  be  calculated  by  means  of  the  formulas  above. 

If  the  reinfcM^xment  is  symmetrical,  and  A  =>  j4',  i  is  given  by  the  equation 

latCi  +  3«-?WA  -  1  +  24»-^-a'/^  +  6(1  +  ^n■p)tlh  (sa) 

M  -f,-b-hHi+34t-p-a.'miiak  (53) 

If  t/h  "  -ft  and  p  =  1.0  per  cent,  k  —  3.07. 

Caw  n.    Stmses,  Both  Twuloii  and  CompraBsion. — (a)  If  the  teosion  as  calculated  by  the 

formula  /,'  —  — =-=  d 

fonnutas  of  Case  I. 

(b)  If  the  tensile  stret 


S  not  e: 


calculated  as  follows: 


say  60  lb.  per  aq.  in.  it  will  be  sufficient  to  use  the 
the  conctcte  are  too  large  to  be  neglected  the  atreaees  may  be 

fc-H 


From  Fig.  7  we  have 


The  resultant  liber  stress  may  be  obtained  from 

N~if.-b-k-h+f.'-A'-f.-A 
Tlw  moment  of  tbe  fiber  stresses  about  the  borixontal  axis  throi^[h  O'teM,  and 

If  the  reinfmtement  is  equal  on  both  sides  and  symmetrical  we  have 

''-3{i-0*'+'"'">-'"Hj+=») 

The  greatest  comptvaaion  in  the  fiber  a  then  obtained  from 

Jf  -  f.blf  [-htli  -2k)+^  ^] 
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least  width 

not  exnjedJDg  15, 

(60) 

»■) 

(6.) 

«ij> 

(64) 

(6s) 
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5.  COmMHS.— For  short  rolumns  the  ratio  of  length  t 
/.  -  ••/. 
I-  -f.A.+f.A. 

-/.•<l.|i  +  (n-i)fl 
|-'  -  1+  (.  -  ■)*. 
Ficnch  Commission's  formula  for  hooped  columns: 

!"  -  !,A(i  +  tap  +  nio 
For  long  columns: 

,      /■[!  +  («  -  •)p] 

30,000  \T  / 

Where  /  is  the  average  unit  Btre«  on  the  column,  and  I  and  r  are  the  la^h  and  radius  of 
gyration  of  the  column  respectively,  both  measured  in  the  same  units. 

Bond  or  ReaiBtamce  to  Slipping  of  Reinforcing  Bank — Where  there  is  no  web  reinfonvment 
the  shear  ia  taken  by  the  concrete  and  the  shear  increments  are  transferred  to  the  ban  by  the 
adhesion  of  the  concrete  to  the  bars.  The  solution  is  the  same  as  that  for  finding  the  pitch  of 
rivets  in  the  flanges  of  a  plate  girder. 

Now  in  (6),  Fig.  i,  take  two  right  sections  at  a  distance  dx  apart.  EquilibHum  of  these  two 
sections  is  maintained  by  the  resisting  moment  of  the  bond  which  is  equal  and  oppoute  to  the 
moment  of  the  vertical  shear,  a  couple  with  an  arm  dx. 

Talcing  moments  about  center  of  gravity  of  compressive  forces  we  have 

Vdx  -  Xo-f.-dx-jd  (66) 

where  o  —  surface  of  bar  for  one  inch  in  length  and  2o  =•  surface  of  all  the  bars  one  inch  in  length, 
fu  =  bond  developed  per  square  inch  of  surface  of  bar,  and  V  is  the  vertical  shear  in  the  beam. 

Solving  itx  S-a,  we  have 

Equation  (67)  applies  to  the  case  of  horizontal  bars.  For  inclined  bars,  j'-ij  will  be  a  variable 
and  /.  will  be  the  horizontal  component  of  the  bond  resistance. 

Vertical  and  Horiiontal  ShMring  StrMSM. — At  any  point  in  a  beam  the  vertical  unit  shearing 
stress  is  equal  to  the  horizontal  unit  shearing  stress.  The  horizontal  shearing  stress  transmits  the 
increments  of  tension  to  the  rcinlorcing  bars  by  bond  stresses,  as  explained  in  the  preceding  dis- 

The  amount  of  this  horizontal  Stress  transmitted  to  the  reinforcing  bars  is  by  equation  (67) 

Now  if  the  horizontal  shear  just  above  the  plane  of  the  bars  is/,,  the  total  horizontal  shearing 
stress  will  be/,-fi,  which  equals  Zo'/i,  and 

i--ih  (M) 

As  an  ap|:roximate  formula  j  may  Im:  talten  equal  to  J,  and 
8   V 

'•    }n 

As  no  teoNon  is  assumed  to  exist  in  the  concrete,  the  horizontal  shear  will  be  constant  up  to  the 
neutral  aus,  above  which  point  it  decreases  to  zero  at  the  top  of  the  beam.     It  will  be  seen  that 
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lean  or  poor  concrete  lacking  in  shearing  strength  should  not  be  placed  below  the  neutral  axis  of 
beams  with  the  idea  that  it  may  be  satisfactory  for  the  reason  that  the  concrete  is  assumed  to 
take  no  tension. 

The  same  formulas  apply  to  beams  reinforced  for  compression  as  ngardi  shear  and  bond 
stress  on  tensile  steel. 

For  T-Btams. 


}'=T. 


}.' 


_y_ 

b'-j-d 


(70) 


Diacooal  Tension  in  Concrete. — In   Mechanics  of   Materials   (Merriman's   Mechanka  of 
Materials,  p.  265,  igi6  edition)  it  is  shown  that  shear  and  tensile  stresses  combine  to  cause  diagonal 

(-J/+ Vi^+/.'  (71) 

where  I  is  the  diagonal  tensile  unit  stress,  /  ia  the  horizontal  tensile  unit  stress,  and  /,  is  the  hori- 
zontal or  vertical  shearing  unit  stress.  The  direction  that  stress  (  makes  with  the  horizontal  is 
one-half  the  angle  whose  cotangent  is  }///»     If  there  is  no  tension  in  the  concrete  this  reduces  to 

(-/.  (72) 

and  (  makes  an  angle  of  45°  with  the  horizontal. 

Stirrups-, 


"PKT 


m 


:\i.„i„ 


Fio.  8. 


Stresses  due  to  diagonal  tension  may  be  carried  (i)  by  bending  the  reinforcing  bars  into  a 
diagonal  position,  or  (3)  by  means  of  stirrups  to  take  the  vertical  component  of  the  diagonal 
tension,  or  (3)  by  both  bent-up  bars  and  stirrups. 

Strasses  in  Stimpa. — The  following  analysis  is  approximate  but  gives  results  that  agree 
closely  with  experiments.  From  formula  (73)  it  will  be  seen  that  for  no  tension  in  the  concrete 
below  the  neutral  axis  the  di^onal  tendon  will  make  an  angle  of  45°  with  the  horizontal;  the 
plane  of  failure  will  then  be  normal  to  the  diagonal  tension  and  will  also  make  an  angle  of  45° 
with  the  horizontal.  Let  V  be  the  shear  in  the  beam  not  carried  by  the  concrete.  Also  assume 
that  the  shear  is  uniform  over  the  cross-section.    Then  /,  -  V/b-j-d  -  (. 

From  Fig.  8,  if  i'  is  the  spacing  of  the  vertical  stirrups  the  stress  in  one  stirrup  is 


7-. /..».,■ -j^./ 


(73) 
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Stirrups  inclined  at  an  angle  of  45°  will  cany  the  diagonal  tension  on  a  Bectiott  /•(■<»•  45*. 
Then  (or  diagonal  stirrups 

T -J.-b-y  0x45'  -0.7  j^-s'  (74) 

To  be  effective  the  stirrups  should  be  spaced  BO  that  at  least  one  stirrup  will  intersect  the  line  of 
rupture  {45°  line)  below  the  center  of  the  beam,  which  requires  that  s'  never  be  greater  than  rf/3. 
Rods  spaced  farther  apart  than  d  are  of  no  value. 


r-*-- 

V, 

'•'   /^  ''' 

/ 

1^ 

1 

^ 

g/ 

Fig.  9, 

Inclined  stirrups  should  be  rigidly  fastened  to  the  horizontal  reinforcement,  and  all  stirrupa 
should  pass  around  the  horizontal  reinforcement,  and  have  hooked  ends  at  the  top. 

To  calculate  the  stress  in  a  bar  bent  up  at  45°  in  a  beam  with  a  uniform  load  the  method 
shown  in  Fig.  9  may  be  used.  The  shear  at  the  support,/,  "  Vjh-yi,  b  laid  off  as  shown.  The 
shear  that  may  be  carried  by  the  concrete,  is  subtracted.  The  stress  in  the  bent-up  bar  is  then 
equal  to  area  1-2-3-4  X  ^-  ''  the  bar  is  bent-up  at  some  angle  other  than  45°  the  shear/,  should 
be  laid  off  parallel  to  the  bent-up  bar.  If  stirrups  are  used  the  stress  carried  by  the  bent-up 
bars  should  be  subtracted  before  calculating  stresses  in  the  stirrups.  In  the  spedficatioos 
in  Appendix  II,  two-thirds  of  the  external  shear  may  be  assumed  as  taken  by  the  stirrups, 
providing  they  are  properly  spaced.  The  concrete  is  then  assumed  to  take  one-third  of  the  ex- 
ternal shear,  but  never  more  than  3  per  cent  of  the  compressive  strength  of  the  concrete,  or 
40  lb.  per  sq.  in.  for  concrete  with  an  ultimate  strength  of  3,000  lb.  per  sq.  in. 

Spacing  of  Bars. — The  lateral  spacbg  of  parallel  bars  should  not  be  tew  than  3  diamc^en. 
center  to  center,  nor  should  the  distance  from  the  side  of  the  beam  to  the  center  of  the  neatest 
bar  be  less  than  3  diameters.  The  clear  spacing  between  two  layers  of  bars  should  not  be  less 
than  I  inch,  but  the  distance  center  to  center  of  bars  in  the  different  layers  should  not  be  less  than 
3  diameters. 

T-Beanu. — In  beam  and  slab  construction,  an  effective  bond  should  be  provided  at  thr 
junction  of  the  beam  and  the  slab.  When  the  principal  slab  reinforcement  is  parallel  to  the  beam, 
transverse  reinforcement  should  be  used  extending  over  the  beam  and  well  into  the  slab.  The 
slab  may  be  considered  an  integral  part  of  the  beam,  when  adequate  bond  and  shearing  resistance 
between  slab  and  web  of  beam  is  provided  but  its  effective  width  should  be  determined  by  the 
following  rules: 
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(a)  It  ■hall  not  exceed  one-fourth  of  the  span  length  of  the  beam. 

(b)  Its  overhanging  width  on  either  ude  of  the  web  shall  not  exceed  six  times  the  thiclcness  of 
the  slab. 

(c)  It  must  not  exceed  the  distance  between  beams. 

Beams  in  which  the  T-form  is  used  only  for  the  purpose  of  providing  additional  comprenicm 
area  of  concrete  should  preferably  have  a  width  of  flange  not  more  than  three  times  the  width 
of  the  stem  and  a  thickness  of  flange  not  less  than  one-third  of  the  depth  of  the  beam. 

The  ratio  of  b'  to  d  should  vary  from  }  to  }  for  small- beams  and  may  be  as  small  as  1  for 
large  beams.     The  width  b'  must  be  sufficient  to  provide  the  necessary  space  far  tensile  reinforce- 

The  depth  of  beam  in  inches  should  be  approximately  equal  to  the  span  in  feet. 

ABSTRACT  OF  REPORT  OF  COHMITTBE  ON  CONCRETE  AND  REINRORCBD 
CONCRETE  OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEBRS.  The  report  was 
printed  in  Transactions  of  American  Society  of  Civil  Engineers,  Vol.  XLII,  December,  1916. 

The  working  stresses  are  given  for  static  loads.  Proper  allowances  are  to  be  made  for  vibra- 
tions and  impact.  In  selecting  the  proper  working  stress  the  designer  should  be  guided  by  the 
working  stresses  used  for  other  materials  of  construction,  so  that  trie  entire  structure  may  have 
the  same  degree  of  safety.  The  allowable  stresses  are  given  in  terms  of  the  ultimate  com^resuve 
strength  of  concrete,  obtained  in  testing  concrete  in  cylinders  8  in.  in  diameter  and  16  in.  long, 
made  of  sluggish  consistency,  made  and  stored  under  laboratory  conditions.  The  Committee 
recommends  the  following  values  for  compressive  strength  of  concrete  to  be  used  in  design. 

TABLE  I. 


An»(U'. 

P«po«.«.,.                              1 

'-.,■  1  .^J*. 

i^ 

.:7!4-    1      ■^■ 

3.300 

i,aoo 

800 

2,800 

1,500 

1,800 

700 

I,  WO 

1,000 

1.800         1,400 

1.600 1  1,300 

1,100         1,000 

Soo  1      400 

AIXOWABLE  SntESSES. 

Per  Cent  of 
Compreslve 
Strenith 

Structural  steel  in  tension 

Concrete  in  compression  where  the  surface  is  at  least  twice 

the  loaded  area 35 

Concrete  for  concentric  compresdon  on  a  plain  concrete 

column  or  pier,  the  lengtn  of  which  does  not  exceed  4 

diameters : 22.5 

Compression    on   columns   with    longitudinal    reinforcement 

only,  length  of  the  column  shall  not  exceed  13  diameteri-  32.5 

(a)  Columns  with  longitudinal  reinforcement  to  the  extent 
of  not  less  than  i  per  cent  and  not  more  than  4  per  cent, 
and  with  lateral  ties  of  not  less  than  {  in,  in  diameter,  13 
in.  apart,  nor  more  than  16  diameters  of  the  longitudinal 

bar 22.5 

(b)  Columns  reinforced  with  not  less  than  i  per  cent  and  not 

more  than  4  per  cent  of  longitudinal  bars  and  with 
circular  hoops  or  spirals  not  le^  than  I  per  cent  of  the 
volume  of  ttie  concrete  and  as  hereinafter  specified:  a 
unit  stress  55  per  cent  higher  than  given  for  (a)  pro- 
vided  the   rath)   of   unsupported   length   of  column   to 

diameter  of  the  hooped  core  is  not  more  than  10 , 34.875 

*  Combined  volume  of  fine  and  coarse  a^regate  measured  separately. 
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The  following  limitations  are  placed  on  deugn  of  columns.  Minimum  size  of  columns  i3  in. 
out  to  out.  Longitudinal  reinforcement  to  be  assumed  to  carry  its  proportion  of  stress.  Hoops 
or  bands  not  assumed  to  carry  stress.  Hooping  not  to  exceed  i  per  cent  of  volume  of  column 
enclosed.  Clear  spacing  o£  hooping  not  greater  than  one-sixth  diameter  enclosed  column,  pre- 
ferably not  greater  than  one-tenth  and  not  more  than  3)  in.  Ends  of  hooping  must  be  united 
to  develop  full  strength. 
CompresBion  on  extreme  fiber  of  a  beam,  calculated  for  constant  modulus  of  elasticity 

(stresses  adjacent  to  the  supports  of  continuous  beams  may  be  15  per  cent  higher) ....   33.5 

Shear  in  beams  with  horizontal  bars  only  and  without  web  reinforcement 2 

Shear  in  beams  with  vertical  stirrups  looped  about  longitudinal  bars  on  tension  dde,  and 
stirrups  spaced  horizontally  not  more  than  one-haltthe  depth  of  the  beam;  or  beams 
with  longitudinal  bare  bent  up  at  an  angle  not  greater  than  45'  nor  less  than  ao'  with 
axis  of  beam,  points  of  bending  up  spaced  horizontally  not  more  than  three-quarters 

the  depth  of  the  beam 4.5 

Shear  in  beams  having  a  combination  of  bent  bars  and  vertical  stirrups  looped  about  re- 
inforcing bars  in  tension  side  of  beam  and  spaced  horizontally  not  more  than  one-half 

the  depth  of  the  beam 5 

Shear  in  beams  with  web  reinforcement  (either  vertical  or  inclined)  securely  attached  to 
longitudinal  bars  in  tension  side  of  beam  in  such  a  way  as  to  prevent  slipping  of  bar 
past  the  stirrup,  vertical  stirrups  spaced  not  more  than  one-half  the  depth  of  the  beam, 

and  inclined  members  spaced  not  more  than  three-quarters  depth  of  bc^m 6 

(The  web  reinforcement  shall  be  proportioned  for  two-thiros  the  external  vertical  shear. 
The  bent-up  bars  may  be  assumed  as  reducing  the  shearing  stresses,  but  this  reduction  shall  in 
no  case  be  taken  greater  than  4)  per  cent  of  compressive  strength  of  the  concrete  over  the  effective 
section  of  the  beam.  When  calculated  by  the  formula  /,  =  VHb-j-d),  this  would  mean  that 
shear/,  could  not  be  greater  than  90  lb.  per  sq.  in.  for  3,000  lb.  concrete.) 

The  stresses  in  stirrups  and  inclined  members  when  combined  with  bent-up  bars  are  to  be 
determined  by  finding  the  amount  of  the  total  shear  that  may  be  allowed  by  reason  of  the  bent-up 
bars,  and  subtracting  this  shear  from  the  total  external  vertical  shear.  Two-thirds  of,  the  re- 
mainder will  be  the  Btiear  to  be  carried  by  the  stirrups. 

The  stresses  in  web  reinforcement  may  be  calculated  by  the  following  formulas: 
Vertical  web  reinforcement 

r  -  V-s'lj-d  (75) 

Bars  bent  up  at  anglea  between  20"  and  45°  with  the  horizontal  and  web  members  inclined  at  45° 

^  =  !  ^'  <?*> 

4   ja 

Where  V  =  two-thirds  of  the  total  shear  producing  stress  in  the  web  reinforcement:    T  =  total 
stress  in  member;   j'  —  horizontal  spacing  of  stirrups,  and  J'd  =  effective  depth  of  beam. 

Punching  shear,  only 6 

Bond  stress  between  concrete  and  plain  reinforeing  bars 4 

Bond  stress  between  concrete  and  drawn  wire 2 

Bond  stress  between  concrete  and  deformed  bars,  not  more  than 5 

The  modulus  of  elasticity  to  be  taken  for  the  design  as  follows: 

Si)  One-fortieth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  not  more  than 
.  per  sq.  in. 

(6)  One-lifteenth  that  of  steel  where  the  strength  of  the  concrete  is  taken  as  greater  than  800 
lb.  per  sq,  in.,  and  less  than  3,300  lb.  per  sq.  in.,  or  less, 

(c)  One-twelfth  that  of  steel  where  the  strength  of  the  concrete  is  taken  greater  than  2,200 
lb.  per  sq.  in.  or  less  than  3,900  lb.  per  sq,  in, 

{d)  One-tenth  that  of  steel  where  the  strength  of  concrete  is  taken  as  greater  than  3,900  lb, 
per  sq.  in.     In  calculating  deflection  take  one-eighth  of  the  modulus  of  elasticity  of  steel. 

Length  of  Beams  and  Coliunns. — The  span  length  of  beams  and  slabs  simply  supported 
should  be  taken  as  the  distance  center  to  center  of  supports,  but  need  not  be  taken  greater  than 
the  clear  span  plus  the  depth  of  beam  or  slab.  For  continuous  or  restrained  beams  ouilt  mono- 
lithically  into  the  supports,  the  span  length  may  be  taken  as  the  clear  distance  between  faces  of 
supports.  Brackets  should  not  be  considered  as  reducing  the  clear  span  in  the  sense  here  intended, 
except  that  when  brackets  which  make  an  angle  of  45°  or  more  with  the  axis  of  a  restrained  beam 
are  built  monolithically  with  the  beam,  the  span  may  be  measured  from  the  section  where  the 
combined  depth  of  the  beam  and  the  bracket  is  at  least  one-third  more  than  the  depth  of  the 
beam.  Maximum  negative  moments  are  to  be  considered  as  existing  at  the  end  of  the  span  as 
here  defined.    When  the  depth  of  a  restrained  beam  is  greater  at  its  ends  than  at  its  mid-span  and 
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the  slope  of  the  bottom  of  the  beam  at  its  ends  makes  an  angle  o(  not  more  than  15°  with  the  direc- 
tion of  the  axis  of  the  beam  at  mid-span,  the  span  length  may  be  measured  from  face  to  face  of 
tuppoits. 

The  length  of  columns  should  be  taken  as  the  maximum  unstayed  length. 

Design  of  T-beams. — In  beam  and  slab  construction  an  effective  bond  should  be  provided 
at  the  junction  of  beam  and  alab.  When  the  principal  reinforcement  is  parallel  to  the  beam, 
transverse  reinforcement  should  be  used,  extending  over  the  beam  and  well  into  the  slab. 

The  width  of  the  slab  shall  not  exceed  one-fourth  of  the  span  length  of  the  beam;  and  its 
overhanging  width  on  each  side  of  the  web  shall  not  exceed  ux  times  the  thickness  of  the  slab. 

Floor-Slabs  Supported  along  Four  Sides. — Floor-slabs  having  the  supports  extending  along 
the  four  sides  should  be  designed  and  reinforced  as  continuous  over  the  supports.  For  rectangular 
slabs  in  which  the  length  is  not  greater  than  one  and  one-half  times  the  width  the  portion  of  the 
total  uniformly  distributed  load  to  be  carried  by  the  transverse  reinforcement  will  be  given  bv  the 
formula  r  =  ijb  —  0,5,  where  I  =  leneth  and  6  —  width  of  slab.  Two-thirds  of  the  calculated 
moments  shall  be  assumed  as  carried  by  the  center  half  of  the  slab,  and  one-third  by  the  outwde 
quarters.  The  distribution  of  loads  from  slabs  to  the  supporting  beams  shall  be  assumed  as 
varying  as  the  ordinatea  to  a  parabola  with  its  vertex  at  the  middle  of  the  span. 

Continnons  Bvams  and  Slabs. — When  the  beam  or  slab  is  continuous  over  its  supports, 
reinforcement  should  be  provided  at  points  of  negative  moment.  In  computing  bending  moments 
for  uniformly  distributed  loads  the  following  rules  are  recommended: 

(o)  For  floor-slabs,  the  bending  moments  at  center  and  at  support  should  be  taken  as  la-l'lij 
for  both  dead  and  live  loads,  where  n  represents  the  load  per  linear  unit  and  I  the  span  length. 

(i)  For  beams,  the  bending  moment  at  center  and  at  support  for  interior  spans  should  be 
taken  as  W'^/is,  and  for  end  spans  it  should  be  taken  as  V'P/io  for  center  and  interior  support, 
for  both  dead  and  live  loads. 

(c)  In  the  case  of  beams  and  slabs  continuous  for 
the  bending  moment  both  at  the  central  support  and  a 
as  BF.p/io. 

(d)  At  the  ends  of  continuous  beams,  the  amount  of  negative  moment  which  will  be  de- 
veloped in  the  beam  will  depend  on  the  condition  of  restraint  or  fixedness,  and  this  will  depend  on 
the  form  of  construction  used.  In  the  ordinary  cases  a  moment  of  w-j'/i6  may  be  taken;  for 
small  beams  running  into  heavy  columns  this  should  be  increased,  but  not  to  exceed  w-Plis. 

For  spans  of  unusual  length,  or  for  spans  of  materially  unequal  length,  more  exact  calculations 
should  be  made.     Special  connderation  is  also  required  in  the  case  of  concentrated  loads. 

Even  if  the  center  of  the  span  is  dengned  for  a  greater  bending  moment  than  is  called  for  by 
(a)  or  (b),  the  negative  moment  at  the  support  should  not  be  taken  as  less  than  the  values  there 
given. 

Spacing  of  Bars. — Lateral  spacing  of  parallel  bars  should  not  be  less  than  three  diameters 
center  to  center,  nor  two  diameters  from  the  side  of  the  beam  to  the  center  of  the  bar.  The  clear 
spacing  between  two  layers  of  bars  should  not  be  leas  than  i  in.  The  use  of  more  than  two  layers 
is  not  recommended  unless  the  layers  are  tied  together  by  adequate  metal  connections,  par- 
ticularly at  and  near  pointa  where  bars  are  bent  up  or  down. 

Relafofcament  for  Temperature. — Reinforcement  not  less  than  one-third  of  one  per  cent  of 
a  form  that  will  develop  a  high  bond  resistance  should  be  placed  near  the  exposed  surface  and  be 
well  distributed. 
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CHAPTER  XIX. 
EtesiGN  OF  Retaining  Walls. 

o. — A  retaimng  wall  is  a  structure  which  sustains  the  lateral  pressure  of  earth  or 
some  other  granukr  mass  which  possesses  some  frictional  stability.  The  pressure  o(  the  material 
supported  will  depend  upon  the  material,  the  manner  of  depodttng  in  place,  and  upon  the  amount 
of  moisture,  and  wll  vary  from  lero  to  the  full  hydraulic  pressure.  If  dry  clay  is  loosely  depouted 
behind  the  wall  it  will  eiert  full  pressure,  due  to  this  condition.  In  time  the  earth  may  become 
consolidated  and  cohedon  and  moisture  make  a  solid  clay,  which  may  cause  the  bank  to  shrink 
away  from  the  wall  and  there  will  be  no  pressure  exerted.  On  the  other  hand  all  cohesion  may 
be  destroyed  by  the  vibration  of  movioK  loads  or  by  saturation,  and  the  maximum  theoretical 
pressures  may  occur.  The  pressures  due  to  a  dry  granular  mass,  a  semi-fluid,  without  cohesion, 
of  indefinite  extent,  the  particles  held  in  place  by  friction  on  each  other,  will  be  considered.  The ' 
effect  of  cohesion  and  of  limiting  the  extent  of  the  mass  is  considered  in  the  authcH^a  "The  Design 
of  Walls,  Bins  and  Grain  Elevators." 

Nomenclature. — The  following  nomenclature  will  be  used: 

4  —  the  angle  of  repose  of  the  filling. 

^'  -  the  angle  of  friction  of  the  filling  on  the  back  of  the  wall. 

0  —  the  angle  between  the  back  of  the  wall  and  a  horizontal  line  pasni^  through  the  heel  of  the 
wall  and  extending  from  the  back  into  the  fill. 

5  H  aogle  of  surcharge,  the  angle  between  the  surface  of  the  filling  and  the  horiiontal;  I  is 

positive  when  measured  above  and  n^ative  when  measured  below  the  horizontal. 
■  —  the  angle  which  the  resultant  earth-pressure  makes  with  a  normal  to  the  back  of  the  wall, 
X  —  the  angle  between  the  resultant  thrust,  P,  and  a  horizontal  line. 
h  »  the  vertical  height  of  the  wall  in  feet. 
J  —  the  mdth  of  the  base  of  the  wall  in  feet. 
b  —  the  distance  from  the  center  of  the  base  to  the  point  where  the  resultant  pressure,  E,  cuts 

the  base. 
P  —  the  resultant  earth-pressure  per  foot  of  length  of  wall. 
£  =•  the  resultant  of  the  earth-pressure  and  the  weight  of  the  waU. 
v  >>  the  weight  of  the  filling  per  cubic  foot. 
W  —  the  total  weight  of  the  wall  per  foot  of  length  of  wall. 
pi  '  the  pressure  on  the  foundation  due  to  direct  pressure. 
Pi  V  the  pressure  on  the  foundation  due  to  bending  moments. 
p  —  the  resultant  pressure  on  the  foundation  due  to  direct  and  bending  forces. 
y  "  the  depth  of  foundation  below  the  earth  surface. 

Calculatloii  of  tiie  Vnatan  on  Retaining  WaIU.^To  fulty  determine  the  pressure  of  the 
filling  on  a  retaining  wall  it  is  necessary  that  the  resultant  of  the  pressure  be  known  (a)  in  amount, 
(fi)  in  line  (rf  action,  and  (e)  in  p«Hnt  of  application.  Many  theories  have  been  proposed  for 
finding  the  pressure,  each  differing  somewhat  as  to  the  assumptions  and  results.  All  theories 
for  the  des^  of  retaining  walb  that  have  any  theoretical  bads  come  in  two  classes;  (t)  the  Theory 
of  Conjugate  Pressures,  due  to  Rankine,  and  commonly  known  as  Rankine's  Theory,  and  (2) 
the  Theory  of  the  Maximum  Wedge,  probably  first  proposed  by  Coulomb,  and  commonly  known 
as  Coulomb's  Theory.  Rankine's  Theory  determines  the  thrust  in  amount,  in  line  of  action,  and 
in  point  of  application.  In  Coulomb's  Theory,  with  the  exception  of  Weyrauch's  solution,  the 
line  of  action  and  p<Hnt  of  application  must  be  assumed,  thus  leading  to  numerous  solutions  of 
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more  or  less  merit.  All  solutions  based  on  the  theory  of  the  wedge  assume  that  the  resultant 
thrust  is  applied  at  one-third  the  height  for  a  wall  with  a  level  or  inclined  surchar^,  as  is  given 
by  Rankine;  but  the  resultant  is  assumed  as  mailing  angles  with  a  normal  to  the  back  of  the 
wall  varying  from  zero  to  the  angle  of  repose  of  the  filling.  In  Rankine's  w^ution  the  resultant 
pressure  is  parallel  to  the  plane  of  thesurchargefor  a  vertical  wall  with  a  level  or  positive  surcharge. 

(i)  KAHKIHB'S  THEORY. — In  this  theory  the  filling  is  assumed  to  consist  o(  an  incom- 
presuble,  homogeneous,  granular  mass,  without  cohesion,  the  particles  are  held  in  position  by 
friction  on  each  other;  the  mass  being  of  indefinite  extent,  having  a  plane  top  surface,  resting 
on  a  homogeneous  foundadon,  and  being  subjected  to  its  own  weight.  The  principal  and  conju- 
gate stresses  in  the  mass  are  calculated,  thus  leading  to  the  ellipse  of  stress.  In  the  analysis  it 
is  proved  (a)  that  the  maximum  angle  between  the  pressure  on  any  plane  and  the  normal  to 
the  plane  is  equal  to  the  angle  of  internal  friction,  and  (6)  that  there  is  no  active  upward  component 
of  stress  in  a  granular  mass.  Both  of  these  laws  have  been  verified  by  experiments  on  semi- 
fluida.  Rankine  deduced  algebraic  formulas  for  calculating  the  resultant  pressure  on  a  vertical 
wall  with  a  horiiontal  surcharge,  and  on  a  vertical  wall  with  a  surcharge  equal  to  I,  an  angle 
equal  to  or  less  than  the  angle  of  repose.  The  general  case  is  best  solved  by  constructii^  the 
ellipse  of  stress  by  graphics,  or  Weyrauch's  algebraic  solution  may  be  used.  The  author  has 
extended  Rankine's  solution  in  "The  De«gn  of  Walls,  Bins  and  Grain  Elevators,"  so  that  it  is 
perfectly  general. 

Rankine's  Formulas. — ^With  a  vertical  wall  and  a  horizontal  surcharge,  Fig.  i,  the  total 
resultant  pressure  ia 

'■-'"•*"Tf£|  « 

where  vis  the  weight  of  the  filling  in  lb.  percu.  ft.,  h  is  the  depth  of  the  wall  tn  feet,  ^  is  the  angle 
of  repose  of  the  filling,  and  P  is  the  resultant  pressure  on  the  wall  in  pounds.  The  resultant 
pressure,  P,  will  be  horizontal. 


if 


r 


For  a  vertical  wall  with  surchai^  at  an  ar^le  I,  Fig.  2,  the  pressure  is  given  by  the  formula 


a       1     L.        ,  COS  J  -  Vco^«  -  cos»«  ,  , 

co3«  -J-Vcos**  -cos** 
Where  S  is  equal  to  ^,  formula  (i)  becomes 

P  =  itt--A»  COB  «  (3) 

The  resultant  pressure,  P,  is  parallel  to  the  inclined  top  surface  for  a  vertical  wall  with  a  level 
or  a  podtive  surchai^e  (nxany  authors  have  incorrectly  assumed  that  the  resultant  pressure  is 
always  parallel  to  the  top  surface  of  the  surcharged  filling). 

LicUned  Retaining  Wall. — The  pressure  on  an  inclined  retaining  wall  may  be  calculated  by 
means  of  the  ellipse  of  stress— see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevatofs." 

i:n,i-    b.  Google 
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The  uressure  on  an  inclined  retaininK  wall  may  alao  be  calculated  by  means  of  tlie  ftraphic  solution 
shown  in  Fi^.  ^  if  the  direction  of  the  thniat  be  known.  From  Raakine'a  theory  we  Icnow  that 
the  resultant  preosure  on  a  vertical  retaining  wall  is  always  parallel  to  the  top  surface  where  the 
suichanre  is  level  or  is  inclined  upwards  away  from  the  wall.  The  pressure  on  a  retaining  wall 
inclined  away  from  the  filling  may  then  be  calculated  as  follows: 


Fig.  3.    Pkbssurs  on  an  Inclined  Rstaininc  Wall. 

In  Fig.  3  the  retaining  wall  A  CDB  sustains  the  pressure  of  a  filling  having  an  angle  of  repose 
4,  and  sloping  up  away  from  the  top  of  the  wall  at  an  angle  i.  Calculate  P'  the  pressure  on  the 
plane  E/-B  by  means  of  formula  (2).  P"  acts  at  a  point  \EB  above  9  and  is'parallel  to  the 
top  surface  DE.  Let  the  we^ht  <A  the  triangle  of  filling  DBE  be  G,  which  acts  through  the 
centet  of  gravity  o(  the  triangle  and  intersects  P'  at  point  0.  Then  Pj,  the  resultant  of  P" 
and  G,  will  be  the  resultant  pressure  at  0,  and  makes  an  angle  s  with  a  normal  to  the  back  of  tlie 
wall,  and  an  angle,  \  —  f  +  s  —  90"  with  the  horizontal. 

(3)  CODLOHB'S  THEOKY.— In  this  theory  it  is  assumed  that  there  is  a  wedge  ha^ng 
the  wall  as  one  side  and  a  plane  called  the  plane  of  rupture  as  the  other  aide,  which  exerts  a  maxi- 
mum thrust  on  the  wall.  The  plane  of  rupture  lies  between  the  angle  of  repose  of  the  fillii^  and 
the  back  of  the  wall.  It  may  coincide  with  the  plane  of  repose.  For  a  wall  without  surcharge 
(horizontal  surface  back  of  the  wall)  and  a  vertical  wall  the  plane  of  rupture  Insects  the  angle 
between  the  plane  of  repose  and  the  back  of  the  wall.  This  theory  does  not  determine  the  direc- 
tion of  the  thrust,  and  leads  to  many  other  theories  having  assumed  directions  for  the  resultant 
pressure. 

AIc«bnic  Hediod.— In  Fig.  4,  the  wall  with  a  he^ht  ft,  slopes  toward  the  earth,  being  in- 
clined to  the  horizontal  at  an  angle  t,  and  the  earth  has  a  surcharge  with  slope  Jl,  which  i;  not 
greater  than  i,  the  angle  of  repose.  It  is  required  to  find  the  pressure  F  against  the  retaining 
wall,  it  being  assumed  that  the  resultant  pressure  makes  an  angle  *  with  the  back  ol  the  trail. 

It  is  assumed  that  the  triangular  prism  of  earth  above  some  plane,  the  trace  of  which  is  the 
line  A  E,  will  produce  the  maximum  pressure  on  the  wait  and  on  tlte  earth  below  th«  plane,  and 
that  in  turn  the  prism  will  be  supported  by  the  reactions  oi  the  wall  and  the  earth.  Let  OW 
represent  the  weight  of  the  prism  A  BE,  the  length  of  the  prism  being  assumed  equal  to  unity, 
let  OP  be  the  reaction  of  the  wall,  and  OR  be  the  reaction  of  the  earth  below. 

Now  the  forces  OW,  OP,  and  OR  wtl  be  concurrent  and  will  be  in  equilibrium;  OF  and  OS 
will  therefore  be  components  of  OW.    When  the  prism  A  BE  is  just  on  the  point  of  moving  OP 
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will  make  aa  angle  with  a  noma]  to  the  back  o(  the  wall  equal  to  ■  (different  autboritiea  aonune 
values  of  t  from  xero  to  #',  the  angle  of  friction  ol  earth  on  maooniy,  or  ^,  the  angle  of  repooe  of 
earth);  while  OR  will  make  an  angle  with  the  normal  to  the  plane  of  ruptuie  AE  equal  to  ^. 
Let  P  represent  the  pleasure  OF  against  the  wall,  W  lepresent  the  weight  of  the  prism  of  earth, 
and  w  the  weight  per  cu.  f L 


In  the  triangle  OWR  angle  WOR  -  *  -  ♦,  and  angle  ORW  -  t+<t+M-x.  Through  E 
draw  BN,  making  the  angle  AEN  =  »  +  *  +  »  -x  with  AE.  Then  the  triangle  ABff  u 
similar  to  triangle  ORW,  and 


But  W  equals  vareatnangk  ABE  ^  iv-AB-BEaa  (0  -  J),  and 

i>      1.     ■    ,-      .■,  AB-SEEN 

P  -  ito-sm  ((  -  i)  j-^ (4) 

Now  P  varies  with  the  angle  x,  and  will  have  a  maximum  value  for  some  value  of  x,  which 
may  be  found  by  differentiating  (4)  and  placing  the  result  equal  to  lera 
Differentiating  and  substituting  in  (4)  and  reducing  we  have 

P-K.*' ""'"-■>'  (5) 

-  iw-W-  JC  (6) 

which  is  the  general  fonnula  for  the  piessure  on  a  retaining  wall. 

Now  if  f  in  (s)  is  made  equal  to  *',  the  angle  of  lepoae  of  earth  on  the  wall, 


which  it  Cain's  formula  (so)  in  another  form.  ^-^  ■ 

D.qilizMb,(jOO>^le 


If  I  in  (s)  w  made  equal 
p  -  Iw.tf  - 

CO 

whkh  is  RaoUne't  fortnula  (a) 
If  t  in  (5)  is  made  equal  to 

P  -  hf 


GRAPHIC  METHOD. 
9  a,  and  9  made  equal  to  90^ 
corf* 

I  aaother  form. 

MP'  (B  -  ») ^ 


.  .  J      ,      ;wn»Mn(»-l)V 


which  gives  the  normal  pressure  o 
If  9  in  (9)  -90'. 


awaU. 


(■+Ar^^i?^)* 


-iw»tan'{45'-W  (11) 

-*«■*' 7t£|  <"> 

whkh  is  Rankine's  formula  (i)  for  a  vertical  wall  without  aurcharge. 

Oiaphlc  Uedtod. — If  the  angle  a,  the  angle  between  the  back  of  the  wall  and  a  normal  to 
the  wall,  is  known,  the  resultant  ptcaaure  on  a  wall  may  be  calculated  by  a  graphic  method, 
Fig.  5,  based  on  the  "theory  of  a  wedge  of  maximum  thrust."  The  graphic  method  will  be 
described — the  proof  trf  the  method  is  ^ven  in  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


In  Fig.  5  the  retaining  wall  AB  sustains  the  pressure  of  the  tilling  with  a  surcharge  i  and 
an  angle  of  repose  ^.     It  is  required  to  calculate  the  resultant  pressure  P. 

The  graphic  scdution  b  as  follows:  Through  B  in  Fig.  5  draw  Bit  making  an  angle  with  BF, 
the  normal  to  AD,  equal  to  X  »  0  +  *  —  90*1  the  angle  that  P  makes  with  the  horizontal.    With 


jcibyGoQi^lc 
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diameter  AD  describe  arc  A  CD.  Draw  UC  aomai  to  AD  and  with.^  as  a  center  and  a  ladin* 
J  C  describe  arc  CN.  Then  A  N  ~  y,  AM  =  6  and  y  -  "V^.  Draw  EN  paraltei  to  BM. 
With  ^  as  a  center  and  radiua  EN,  describe  arc  £5.  Then  AE  ie  the  trace  or  the  plaoe  of 
rupture,  and  P  -  area  SEN-te. 

Cain'a  Fomuilaa.* — Professor  William  Cain  assumes  that  the  angle  t  is  equal  to  ^',  tbe 
angle  of  friction  of  the  filling  on  the  back  of  the  wall.     By  substituting  in  (5}  we  have  for  a 

VerliaU  WaU  Wilh  Leod  Surface.  J  ~  o. 


(14) 
(IS) 
(16) 

(17) 

P  -  iwk*coff*  (iS) 

Inclined  WaU  With  Horvumtal  Swjact. 


n 

^     /sin(«  +  «')-sin« 
"\            cos*' 

If* 

-  ♦',  then  « 
=•  0.  then 

~V2^ 
P 

n  ♦,  and 
,...,..          cos* 

If*' 

'"*(.+ sin  *,/5). 

P 

-i,,.W.Un«(45''-*-) 

Vertical  WaU  WUk  Surckarte  -  t. 

P 

-^<m'^' 

If*' 

-  0,  and  *  = 

n 
P 

/sin(*  +  *')-MnC*- J) 

"V                 C08*'.C0S» 

^'^H^^^y-. 


/sin  (*+*') -sin* 
"Vsin  (*'  +9) -sin* 
Inclined  Wall  With  Surckarge  -  S. 

mn  (*  +  *')-8in(*  - 1) 
V  Bin(«'+fl)-8in(*-*) 

Wall  VnXb  Loaded  FllUnc.— In  Fig.  6,  the  filling  is  loaded  with  a  uniformly  distributed  load. 
Calculate  hi  by  dividing  tbe  loading  per  sq.  ft.  by  w.  Let  h  +  hy  —  H.  Tbra  the  resultant 
pressure  for  a  wall  with  height  H,  will  be 

Pt-iw-B*K  (ai) 

and  the  reuiltant  pressure  for  a  wall  with  height  ki,  will  be 

P,-ivhi^K  (M) 

*  Pnrfessor  Rebbann  makes  the  same  assumptions  and  uses  the  graphic  method  ot  Fig.  ^ 
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The  pressure  on  the  wall  AD  will  be 
and  the  paint  of  application  is  through  the  center  of  gravity  of  ADCE,  which  makes 

^  -  * STAI <"4> 


*-hf}H 


Fig.  6. 


VtllB  mOi  IT«g«tiTa  Snltlurge. — For  the  calculation  of  the  pressures  on  retaining  walls  with 
negative  eurchai^,  S  negative,  tee  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevators," 
second  edition. 

STABILnr  OF  RETAINING  WALLS.— A  retaining  wall  must  be  stable  (i)  against 
overturning,  (3)  against  sliding,  and  (3)  against  crushing  the  masonry  or  the  foundation. 

The  factor  of  safety  of  a  retaining  wall  is  the  ratio  of  the  weight  of  a  filling  having  the  same 
angle  of  internal  friction  that  will  just  cause  failure  to  the  actual  weight  of  the  filling.  For  a 
factor  of  safety  of  3  the  wall  would  just  be  on  the  pcnnt  of  failure  with  a  filling  wdghing  twice 
that  for  which  the  wall  is  built. 

I.  Orertnniinc. — In  Fig.  7,  let  P,  represented  by  OP",  be  the  resultant  pressure  of  the  earth, 
and  W,  represented  by  OW,  be  the  weight  of  the  wall  acting  through  its  center  of  gravity.  Then 
B,  represented  by  OR,  will  be  the  resultant  pressure  tendii^  to  overturn  the  wall. 

Draw  OS  through  the  p«Mnt  A.  For  this  condition  the  trail  will  be  just  on  the  point  of 
overturning,  and  the  factor  of  safety  against  overturning  will  be  unity.  The  factor  of  safety 
for  E  ■=  OR  will  be 

Ji  -  SW/RW  (J5) 

3.  Sliding. — In  Fig.  7  construct  the  angle  Hi  G  equal  to  4',  the  angle  of  friction  of  the  masonry 
on  the  foundation.  Now  if  E  passes  through  i,  and  takes  the  direction  OQ,  the  wall  will  be  on 
the  point  of  sliding,  and  the  factor  of  Bafety  against  sliding,  /.,  will  be  unity.  For  E  -  OR,  the 
factor  of  safety  against  sliding  will  be 

/.  -  QU'IRM  (26) 

Retaining  walls  seldom  fail  by  sliding. 

The  factor  of  safety  t^ainst  sliding  is  aometimes  given  as 

/.  -  |tan#'.  (27) 

where  H  ts  the  horizontal  component  of  P.    Equations  (a6)  and  (37)  give  the  same  values  only 
where  the  resultant  P  is  horizontal. 

3.  Crushing.— In  Fig.  7  the  load  on  the  foundation  will  be  due  to  a  vertical  force  F,  which 
producer  a  uniform  stress,  Pi  ■•  Fld,ovei  the  area  of  the  base,  and  a  bending  moment  —  F-b, 
which  produces  comprewion,  Pt,  on  the  front  and  tennon,  pt,  on  the  back  of  the  foundation. 

aqitizecibyGoQl^lc 
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The  sum  of  the  tensile  stresses  due  to  bending  must  equal  the  sum  of  the  compteaBve  stfuau, 
—  ipid.  These  stresses  act  as  a  couple  throi^h  the  centers  of  gravity  of  the  strcM  triangle*  on 
each  side,  and  the  resisting  moment  is 

M'  =  lft-d-|<i-i#»-<P  {38) 


z?-'^ 


Fig.  7. 

But  the  nrwsring  movement  equals  the  overturning  moment,  and 
ip,-d*  =  F-b, 

ft  -  *  -^  C»9) 

The  total  stress  on  the  foundation  then  is 

P'  Pi  *Pi-  Piii  ■*=  «/(0  (30) 

Now  if  A  -  )d,  we  will  have 

p  =  3Pu    or    o. 

In  order  therefore  that  there  be  no  tension,  or  that  the  comprewion  never  exceed  twice  the 
average  stress,  the  resultant  should  never  strike  outside  the  middle  third  of  the  base. 

If  the  resultant  strikes  outside  of  the  middle  third  of  a  wall  in  which  the  masonry  can  lake 
no  tension,  the  load  will  all  be  taken  by  compresaion  and  can  be  calculated  as  follows: 

In  Fig.  8  the  resultant  F  will  pass  through  the  center  of  gravity  of  the  stress  cfiagrxm,  and 
will  equal  the  area  of  the  dk^ram. 

P  -  \pa 

aP 

P--  (30 

which  gives  a  larger  value  of  p  than  would  be  given  if  the  masonry  could  take  tensioi). 

General  Prind|de8  of  Design. — The  overturning  moment  of  a  masonry  wtaiwing  ^^B  <rf 
gravity  section  depends  upon  the  weight  of  the  filRng,  the  angle  of  internal  friction  of  the  fillii^ 
the  suit;harge,  and  the  height  and  shape  of  the  wall.    The  rtratii^  moment  dependft  upoa  tk 
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weight  of  tbe  masonry,  the  width  of  the  foundatioa,  and  the  crosB-sectioR  of  the  mil.  The  tntmt 
economical  section  for  a  masonry  retaining  wall  is  obtained  when  the  back  dopes  toward  the 
filling.  In  cold  localities,  however,  this  form  of  section  may  be  displaced  by  heaving  due  to  the 
action  of  frost,  and  it  is  usual  to  buitd  retainii^  walls  with  a  dight  batter  forwards.  The  front  of 
the  wall  is  usually  built  with  a  batter  of  from  1  in.  to  I  in.  in  13  in.  In  order  to  keep  the  center 
of  gravity  of  the  wall  back  of  the  center  of  the  base  it  is  necessary  to  increase  the  width  of  the 
wall  at  the  base  by  adding  a  projection  to  the  front  side.  Where  the  wall  is  built  on  the  line 
of  a  right  of  way  it  is  sometimes  necessary  to  increase  the  width  of  tbe  base  by  putting  the  pro- 
jection on  the  rear  side,  making  an  L-shaped  wall.  The  weight  of  the  filling  upon  the  base  and 
back  of  the  wall  adds  to  the  stability  of  the  wall.  Where  the  wall  is  built  to  support  an  em- 
bankment expensive  to  excavate,  it  is  ctften  economical  to  make  the  wall  Lrshaped,  with  ah  the 
projection  on  the  front  side. 

In  calculating  the  thrust  on  retaining  walls  great  care  must  be  exercised  itt  selecting  the 
proper  values  of  w  and  ^,  and  the  conditions  of  surcharge.  It  will  be  seen  from  the  precedii^ 
discussion  that  the  value  of  the  thrust  increases  very  rafudiy  as  ^  decreases,  and  as  the  surcharge 
increases.  Where  the  wall  is  to  sustain  an  embankment  carryii^  a  railroad  track,  buildings, 
or  other  toads,  a  proper  allowance  must  be  made  for  tbe  siucharge. 

The  filling  back  of  the  wall  should  be  deposited  and  tamped  in  approximately  horizontal 
layers,  or  with  layers  sloping  back  from  tbe  wall;  and  a  layer  of  sand,  gravel  or  other  porous 
material  should  be  deposited  between  the  filling  and  the  wall,  to  drain  the  filling  downwards. 
To  insure  drainage  of  the  filling,  drains  should  be  provided  back  of  the  wall  and  on  top  of  the 
footing,  and  "weep-holes"  should  be  provided  near  the  bottom  of  the  wall  at  frequent  intervals 
to  allow  the  water  to  pass  through  the  wall.  With  walls  from  15  to  35  ft.  high,  it  is  usual  to  use 
"weepers"  4  in.  in  diameter  placed  from  15  to  20  ft.  apart.  The  "weepers"  should  be  connected 
with  a  longitudinal  drain  in  front  of  the  wall.  The  filling  in  front  of  the  wall  should  also  be 
carefully  drained. 

The  permissible  point  at  which  the  resultant  thrust  may  strilce  the  base  of  the  foundation 
will  depend  upon  the  material  upon  which  the  retaining  wall  rests.  When  the  foundation  is 
•olid  rock  or  the  wall  is  on  piles  driven  to  a  good  refusal,  the  resultant  thrust  may  strike  slightly 
outside  the  middle  third  with  little  danger  to  the  stability  of  the  wall.  When  the  rctainir^  wall, 
however,  rests  upon  compressible  material  the  resultant  thrust  should  strike  at  or  inside  the  center 
of  the  base.  Where  the  resultant  thrust  strikes  outside  of  the  center  (A  the  base,  any  settlement 
of  the  wall  will  cause  the  top  to  tip  forward,  caumng  unsightly  cracks  and  local  failure  in  many 
cases,  and  total  failure  where  the  settlement  is  excessive.  Where  extended  footings  are  used  it 
may  be  necessary  to  use  some  reinforcing  steel  to  prevent  a  crack  in  the  footing  in  line  with  the 
face  of  the  wall. 

Plain  masonry  walls  should  be  built  in  sections,  the  lei^^h  depending  upon  the  height  of  the 
wall,  the  foundation  and  other  conditions. 

Under  usual  conditions  the  length  of  the  sections  should  not  exceed  40  ft.,  30  ft.  sections 
being  preferable,  and  in  no  case  should  the  length  of  the  section  exceed  about  three  times  tbe 
height.  Separate  sections  should  be  held  in  line  and  in  elevation,  either  by  grooves  in  the  masonry 
(w  by  means  of  short  bars  placed  at  intervale  in  the  cross-section  of  the  wall,  fastened  rigidly  in 
one  section  and  sUding  freely  in  the  other.  The  back  of  the  expansion  joints  Aould  be  water* 
proofed  with  3  or  4  layers  of  burlap  and  coal  tar  pitch.  The  burlap  should  be  about  30  in.  wide, 
and  the  pitch  and  the  burlap  should  be  applied  as  on  tar  and  gravel  roofs.  The  jmnts  between 
tbe  sections  of  a  retaining  wall  on  the  front  side  should  be  from  t  to  }  of  an  in.  in  width,  and 
should  be  formed  by  a  V-shaped  groove  made  of  sheet  steel  and  fastened  to  the  forms  while  tbe 
concrete  is  being  placed.  Where  there  is  danger  of  the  water  in  the  filling  percolating  through 
the  wall  or  in  an  alkali  country,  the  surface  of  the  back  of  the  wall  should  be  coated  with  a  water- 
pnxrf  coating.  The  moat  satisfactory  waterproof  coating  known  to  the  author  is  a  coal  tar 
paint  made  by  mixing  refined  coal  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16 
parts  refined  coal  tar,  4  parts  of  Portland  cement  and  3  ports  of  kerosene  tnl.    The  Portland 
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cement  and  keroeene  should  be  mbced  thoroughly  and  the  coal  tar  then  added.  In  cold  weather 
the  coal  tar  may  be  heated  and  additional  kerosene  added  to  take  account  of  the  evapofadon. 
This  point  not  only  covers  the  surface  but  combines  with  it,  eo  that  two  or  thtee  coats  are  Bome- 
timee  required.  While  the  surface  of  the  concrete  should  be  dry,  coal  tar  paint  will  adhere  to 
moist  or  wet  concrete.  In  buildii^  retaining  walls  in  sections,  the  end  of  the  finished  section  should 
be  coated  with  coal  tar  paint  to  prevent  the  adhesion  to  the  next  section. 

For  methods  of  waterproofing  masonry,  see  methods  of  waterproofing  bridge  floors  in  Chap- 
ter XV. 

DBSIOH  OF  RETAININO  WALLS.— The  design  of  masonry  retaining  walls  will  be 
illustrated  by  the  design  of  the  retaining  walls  for  West  Alameda  Avenue  Subway,  taken  from 
the  author's  "The  Des^  of  Walls,  Bins  and  Grain  Elevators,"  second  edition. 

Deslga  ot  Putaitiing  Walls  for  West  Alameda  Avenue  Subway,  Dvaver,  Colorado. — The 
heigbt  erf  the  walls  varied  from  8  ft.  to  29  ft.  3  in.,  while  the  foundation  soil  varied  from  a  compact 
gravel  to  a  mushy  clay.  The  design  ot  the  maximum  section,  which  rests  on  a  compact  gravel, 
will  be  given.  The  concrete  was  mixed  in  the  proportion  of  I  part  Portland  cement,  3  parts  sand 
and  5  parts  screened  gravel.  Crocker  and  Ketchum,  Denver,  Colo.,  were  the  consulting  engineers 
The  wall  is  shown  in  Fig.  9  and  in  Fig.  10. 

The  following  assumptions  were  made:  Weight  of  concrete,  150  lb.  per  cu.  ft.;  weight  of 
filling,  w  -  100  lb.  per  cu.  ft.;  angle  of  repose  of  filling,  li  :  i  (♦  -  33°  40');  surcharge,  600  IbL 
per  aq.  ft.,  equivalent  to  6  ft.  of  filling;  maximum  load  on  foundation,  6,00a  lb.  per  eq.  ft. 

SolntloB. — After  several  trials  the  following  dimensions  were  taken:  Width  of  coping  a  ft. 
6  in.,  thickness  of  ca[nng  I  ft.  6  in.,  batter  of  face  of  wall  }  in.  in  13  in ,  batter  of  back  of  wall 
3}  in.  in  i3  in.,  width  of  base  is  ft.  i\  in.  (ratio  of  base  to  height  —  0.53),  front  projection  rf 
base  4  ft.,  other  dimensions  as  shown  in  Fig.  9.  The  calculations  were  made  for  a  section  of  the 
wall  one  foot  in  length. 

The  property  back  0!  the  wall  will  probably  be  used  for  the  storage  of  coal,  etc.,  and  it  was 
assumed  that  the  surcharge  came  even  with  the  back  edge  of  the  footing  of  the  wall.  The  resultant 
pressure  of  the  filling  on  the  plane  A-^  was  calculated  by  the  graphic  method  of  Fig.  5  and  Fig.  6, 
and  was  found  to  be  P'  —  17,390  lb.  The  weight  of  the  filling  in  the  wedge  back  of  the  wall  is 
W  -■  16435  lb.,  acting  through  the  center  ot  gravity  of  the  filling.  The  resultant  of  P  and 
H''  is  P  —  33,850  lb.  —  the  resultant  pressure  of  the  filling  on  the  back  of  the  wall.  The  we^ht 
of  the  masonry  is  If  —  33.144  lb.,  acting  through  the  center  cA  gravity  of  the  wall,  and  the  re- 
sultant ^  P  and  If  is  £  —  53,510  lb.  —  the  resultant  pressure  of  the  wall  and  the  filling  upon 
the  foundatioiL  The  vertical  component  of  £  is  F  —  49i58o  lb.,  and  cuts  the  foundation,  b  —  3.1 
ft.  from  the  middle. 

I.  SlabUity  Againft  OBerturrnng. — The  line  OD  in  this  case  is  nearly  parallel  to  the  line  QW 
which  brings  the  point  5  in  Fig.  9  at  a  great  distaitce  from  the  point  W.  The  factor  of  safety 
against  overturning  was  calculated  on  the  original  drawing  and  found  to  be/i  >  35. 

3.  StabUity  Against  Sliding. — The  coeflicient  of  friction  of  the  masonry  on  the  footing  will 
be  assumed  to  be  tan  ^'  —  0.57  and  ^'  -  30°.  Through  0,  Fig.  9,  draw  OQ,  cutting  the  base  oS 
wall  sA  at  6,  and  making  an  angle  ^'  -  30°  with  a  vertical  line  through  6.  Then  the  factor  of 
safety  against  sliding  will  be 

/.  -  Qir/RM  -  3.5 

This  is  ampV  as  the  renstance  of  the  filling  in  front  of  the  toe  will  increase  the  resistsDce 
against  sliding. 

3.  SlabUity  Against    Crushing. — In  Fig.  9  the  direct  pressure  will  be  ^  ~  49,580/15,31 

-  3,330  lb.  per  sq.  ft. 

The  pressure  due  to  bending  will  be 
^  —  *  6F-t/i'  —  *  (6  X  49,580  X  3.i)/33i.4  —  ■*■  3,700  lb.  per  sq.  ft.,  and  the  maximum 
pressure  is 

p  —  3,330  +  3,700  —  +  5,930  lb.  per  sq.  ft. 
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P  —  3,aao  —  2,700  =  +  530  lb.  per  sq.  ft. 


The  allowable  pressure  was  6,000  lb.  per  sq.  ft.,  so  that  the  pressure  is  safe  for  a  compact  gravel. 
Where  the  walls  were  supported  on  the  mushy  clay  it  was  necessary  to  extend  the  projection  of 
the  footing  on  the  front  side  and  to  bring  the  resultant  P  to  the  center  of  the  walL 


Fio.  9.    Retaining  Wall,  West  Alahkda  Avenue  Subway. 

4.  Upward  Prature  oh  Front  Projeclton  of  Foundation. — Where  projections  are  used  on  the 
foundations  of  retaining  walls  it  may  be  necessary  to  reinforcs  the  base  to  prevent  the  projection 
breaking  off  in  line  with  the  face  of  the  wall.  The  bending  moment  of  the  upward  pressure  about 
(he  front  face  of  the  wall  from  F^.  9  is 

M  -  1(5,9«>  +  4.IM)  X  4  X  3.1  X  la 
—  506,000  in-Ib. 

The  tenaioD  on  the  concrete  at  the  bottom  of  the  footing  will  be 

/  -  li-cll  -  li-dl2l  -  (506,000  X  27)/i57.464 
—  88  lb-  per  sq.  in. 

Since  the  ultimate  strength  ot  the  concrete  in  tenrion  is  approumately  300  lb.  per  aq.  En., 
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«  placed  i8  in.  centers  and  3  in.  from  the 


no  reinforcing  is  required.     However,  i  in.  D  ban  v 
bottom  of  the  foundation. 

Data. — The  coefficients  of  friction  of  various  materials  are  given  in  Table  I.  The  snglee  of 
repose  of  different  materiab  are  given  in  Table  II.  The  conditions  of  surface  and  amount  erf' 
mmsture  cause  wide  variations  in  the  coefficients.  Additional  data  for  the  design  of  retainiag 
walla  are  given  in  Tables  III  to  VI. 

TABLE  I. 
Coefficients  of  Friction. 


MUdUi. 

Material.. 

Dry  maaonry  on  dry.  masonry 

M«onry   on   masonry  with   wet 

0.6    to  0.7 

0.7s 

0.4 

0.3    to  0.7 

O.J    too-s 

O.S    to  0.6 

0.3J 

0.1s  to  1.0 

0.7 

0.6s 

Hard  brick  on  hard  brick 

Concrete     blocks     on     concrete 

TABLE  II. 
Anglbs  of  Repose,  4,  for  Materials. 


Material). 

* 

Materials. 

♦ 

Earth  loam 

Jo»  to  4S» 

Clay 

*S°  to  4S» 
30°  to  40" 
iS°t0  4rf' 
JO*  to  4S' 

TABLE  III. 
Allowable  Prkssurk  on  Foundations. 


UatolaL 

Piemra  Is  Ton  per  Sq.  Ft. 

I  to  3 
3  t04 

id 

ts  and  up. 

Firm,  coane  land  and  gravel 

Bedrock 

TABLE  IV, 
Allowable  Pressure  on  Masonry. 


Material!. 

Pnwuce  In  Tons  pet  Sq.  Ft. 

11 
IS 
» 
as 

JO 

% 

Paving  brick,  Portland  cement  morur 

Rubble  masonry,  Portland  cement  mortar 

Sandstone,  fint  cU»i  masonry 

Limestone,  first  class  masonry 

Granite,  first  dasB  masonry 

Portland  cement  concrete,  1-1-4 

Portland  ceiaeM  concrete,  1-3-6 
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TABLE  V. 
WwGHT,  Spsopic  Gravity  and  Ckusbinc  Strbngth  of  Masonkt. 


Uatccbb. 

Wd^tlaPouDte 
per  Cubfc  Fool. 

Spcdft  GnWty. 

CnMUna  StiButh  In 
Panndj  pei  Squaic  Inch. 

iSo 

ISO 
■40  to  150 

li 

3.9 

n 

1.4 

1.1  to  1.4 

4,000  10  15.000 
6,000  to  20,000 

19,000  to  J3,ooo 

8,000  to  20,000 

8,000  to  20/x» 
2,000  to  0,000 
1,500  to   4,000 

1,000  to     2,500 

Paving  brick,  Portland  cemeot 

Stone  coDcrete,  Portland  cement 

Ooder  concrete,  Portland  cement 

TABLE  VI. 
Weight  of  Diffebent  Materials. 


Uateriali. 

MatetUi. 

Loam  looM 

75  to    90 
90  to  100 
goto  no 

iK>toi35 
10s  to  110 

For  tpedficationB  (or  concrete,  plain  and  reinforced,  tee  Appendix  II. 

Biamplea  of  Batiintng  Wtlla. — Details  of  six  masonry  retaining  walls  with  a  gravity  section 
are  given  in  Fig.  10.  These  retaining  walls  reiM«aent  the  best  practice.  Details  of  four  reinforced 
concrete  retaining  walls  are  given  in  Fig.  11.  For  additional  examples  see  the  author's  "The 
Dewgn  of  Walls,  Bins  and  Grain  Elevators." 

DESIOH  OF  RETAIKINO  WALLS  AND  ABUTHBIITS.*— The  Committee  believes  that 
the  intelligent  use  of  theoretical  formulas  leads  to  economical  and  proper  design,  and  therefore 
recommends  that  Ranlcine's  formulas  which  consider  that  the  filling  is  a  granular  mass  of  indefinite 
extent,  without  cohesion,  be  used  in  the  dettgn  of  retaining  walls.  It  is  recommended  that  retain- 
ing walls  be  deugned  (a)  for  a  level  surcharge,  or  (i)  for  a  sloping  surchai^  at  the  angle  of  repose, 
or  (f)  for  a  level  surcharge  with  a  uniform  surcharge  loading.  Formulas  baaed  on  Rankine  are 
given  for  vertical  walls,  walls  leaobg  away  from  the  filling,  and  for  walls  leaning  toward  the  filling. 
The  use  of  a  fixed  ratio  of  width  to  height  leads  to  a  neglect  of  the  distribution  of  the  [»-e»- 
■ure  on  the  foundation.  This  is  a  question  of  great  importance,  since  it  is  well  estabtisbed  that 
movements  from  the  original  alignment,  due  to  unequal  settlement,  form  a  defect  more  common 
than  any  other.  Tbe  Committee  feels  that  attention  should  be  called  to  the  importance  of  making 
a  study  of  each  case  in  designing  a  wall,  particularly  of  the  weight  and  character  of  the  filling,  and 
'  Che  amount  and  distiibution  of  the  pressure  on  the  bed  of  foundations. 

DBSIOn  OP  BETAINIKO  WALLS.— The  following  nomenclature  is  recommended: 
t "  the  angje  of  repose  of  the  filling. 
9  ~  the  an^e  between  the  back  of  the  wall  and  a  horiiontal  line  passing  through  the 

heel  of  the  wall  and  extending  from  the  back  into  the  fill. 
1  ~  angle  of  surcharge,  the  angle  between  a  horizontal  line  and  the  surface  of  tbe  filling. 

(It  is  recommended  that  values  of*  —  Oori-#be  used.) 
X  —  the  angle  between  the  resultant  thrust,  P,  and  a  hotixontal  line. 
k  -  vertical  height  of  the  wall  in  feet. 
h'  —  hei^t  of  surcharge  in  feet. 
*  Report  of  the  masonry  committee  of  American  Railway  Engineering  Association,  adopted 
March  33,  I9i7< 
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J)  ILUHOS  Central  R'R-  REvmrm  W^u 


i''trslS'4''4'0i."'^i'-i 

(■n)  West  Alameda  Avenue  Simwr 
Retaining  Mftu 


i'ltnf' 


■Ml... 


" "  **  (6)  Kansas  City  Ti/fm/tAi  RAOjmr 

)  c-B-HQ-RR-RETAJNim mu  RETAmms  Wml 

Fig.  10.    EzAUFLBs  of  Masonry  Rbtaimino  Walls. 
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5'     ^row^  Sarfx* 


M  reta/wvfiy  ita 
an  h^h  ebsix  limit 
eernigtitd  roands  • 


Sect/on  Fkoit  EinMiwff  Section  Rear  Ei£iemov 

(0 Sim Retajnins Wall,  kuNois  Central  R-R-    0SLAeJ^rAm»l^a,t2i^ixxm>SMO>- 


Sect/oh  fiK»fr  £ut«7xw  Section  Reas  elevahoh 

)  Counterfort  RerA/N/se  HS^ll  (4)  counterfort  RETAimNs  Uku 

lujNOis  Central  R-R-  Corrugated  Bar  Co- 

Fic.  II.    Examples  of  Rbinfokckd  Cokcrbtb  Rbtainiko  Walls. 
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l  =  width  of  the  base  of  the  wall  in  feet. 

«  =>  distance  from  the  center  of  the  base  to  the  intersection  of  the  resultant  thruM:,  £, 

and  the  base, 
a  *  //a  —  E  —  diEtance  from  toe  of  wall  to  intersection  of  the  resultant  thrust,  B,  and 

the  base. 
P  —  the  resultant  earth  pressure  per  foot  of  length  of  wall. 
E  —  the  resultant  of  the  eanb  pressure  and  the  weight  of  the  wall. 
F  —  vertical  component  of  resultant  E. 
UF  H  the  weight  of  the  filling  per  cuIhc  foot. 
If  1  —  the  weight  of  the  masonry  per  foot  of  length. 
W  =  total  weight  of  the  wall  per  foot  of  length, 
^1   and   pt  =  pressure  per  square  foot  on  the  foundation,  due  to  P,  at  toe  and  heel,  respectivdy. 
Fonuulas. — The  following  formulas  for  vertiail  walla  or  for  walls  leanii^  away  froco  the 
filling  are  based  on  Rankine'e  Theory,  as  ^ven  in  Howe's  "Retaining  WalK"  and  in  Ketcliuin'* 
"Walls,  Bins  and  Grain  Elevators";  and  the  formulas  for  walls  leaning  toward  the  filling  are 
based  on  a  modificatian  of  Ranbine's  Theory,  as  given  in  Ketchum's  "Walls,  Bins  and  Grain 
Elevators." 

For  vertical  walls  with  horizontal  surcharge  the  pressure,  P,  is  given  by  the  formula 

P  -  iw*^-^  -  l«'-**tan'(45''  -  *)  (ja) 

where  P  is  paiallel  to  the  top  sur&ce,  is  normal  to  the  wall,  and  is  applied  at  one-third  the  ha^ 
of  the  wall  above  the  base. 

For  vertical  walk  with  a  positive  surchai^  ),  the  pressure,  P,  is  giv.n  by  tbe  fonnula 


P-Jw-Wc 


cosi  —  ifcoa'i  —  coe'» 
cosi  +  ■Jcos'  S  —  cos*  i 


where  P  is  parallel  to  the  top  surface  of  tbe  filling,  makes  an  angle  I  with  a  normal  to  tbe  bncfc  of 
the  wall,  and  is  apidied  at  one-third  the  hdght  of  the  wall  above  the  base.  Where  the  aurcbaife 
is  equal  to  the  angle  of  repose,  ^,  fonnula  (33)  becomes 

P-lw-Wcos*  (34) 

For  a  vertical  wall  with  a  loaded  surcharge  the  resultant  iKesBuie  on  the  back  of  the  waB 
will  be  given  by  tbe  formula 

(jfl 

where  k  is  the  height  of  the  wall  and  h'  the  equivalent  height  of  surcharge,  equals  turcharse  per 
square  foot  divided  by  v,  tbe  weight  per  cubic  foot  of  the  filling. 

The  resultant  pressure  is  horizontal  and  is  applied  at  a  distance  from  the  base  of  the  wafl 

^  _  >^+3k-h' 

^         iih  +  2*-) 


(36) 


(a)  la  calculating  the  surcharge  due  to  a  track  the  entire  load  shall  be  taken  as  distrtbuted 
luuformly  over  a  width  of  14  feet  for  a  single  track  or  tracks  spaced  man  than  14  feet  centen, 
and  the  distance  center  to  center  of  tracks  where  tracks  are  spaced  less  than  14  feet. 

(b)  In  calculatii^  tbe  pressure  on  a  retaining  wall  where  the  filling  carries  permanent  trade* 
or  structures,  the  full  effect  of  the  loaded  surchai^  shall  be  considered  where  the  edge  of  tfae 
distributed  load  or  the  structure  is  vertically  above  the  back  edge  of  the  heel  of  the  wall.  Tte 
effect  of  tbe  loaded  surcharge  may  be  neglected  where  the  edge  of  the  distributed  load  or  tbe  strac- 
ture  is  at  a  distance  from  the  vertical  line  through  the  back  edge  of  tbe  heel  of  tbe  wall  equal  to  1^ 
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tbe  height  of  the  wall.  For  intermediate  poeition  the  equivalent  uniform  surchaqce  load  is  to  be 
taken  as  proportional.  For  example,  for  a  track  with  the  edge  of  tbe  distributed  load  at  a  distance, 
A/3,  iroia  the  vertical  line  through  the  back  edge  of  tbe  heel  of  tbe  wall,  the  equivalent  uniform 
surcharge  load  is  one-half  the  normal  distributed  load  distributed  over  the  filling.  Case  15,  Fig. 
13,  explains  the  distribution.  The  height  of  surchai^  loading  will  be  equal  to  the  load  pa- 
linear  foot  divided  by  b  (i  -  14  feet  for  a  single  track  railway).  Where  the  edge  of  the  distributed 
load  cannot  come  nearer  to  the  vertical  line  through  the  back  of  the  beel  of  the  wall  than  k  —  x, 
the  equivalent  uniformly  distributed  bad  in  terms  of  hd^ts  is 


h,'  =  A' 


k- 


For  walls  leaning  forward  or  walls  with  the  base  extending  into  Che  filling,  the  p 
Riling  on  a  vertical  plane  through  back  of  the  heel  of  the  wall,  as  calculated  above,  is  tt 
bioed  with  tbe  wedge  of  filling  contained  between  this  vertical  fdane  and  the  back  of  the  wall. 


/S.  E^IVAL£NT  SUROWKE  F<Hi  CeNCeffTXATeD  LOADS. 


Fig.  13.    Equivalent  Surchakge  fob  Concentrated  Loads. 

For  walls  leaning  toward  the  filling  the  resultant  pressure,  F,  will  be  horizontal  for  a  wall 
without  surcharge  or  with  a  horizontal  loaded  surcharge,  and  will  make  an  angle,  X,  with  the  hori- 
zontal tor  a  wall  with  a  sloping  surcharge.  The  values  of  X  will  vary  from  *,  where  the  wall  is 
vertical,  to  zero,  where  Rankine'a  Theory  shows  that  the  resultant  pressure  is  horiiontai.  Values 
of  X  are  given  in  cases  10  and  11,  Fig.  13.  Values  of  K,  where  P  "  \v)-V-K,  are  given  in  cases 
10 and  II,  Fig.  la. 

The  lormulaB  for  the  different  cases  above  are  given  in  cases  I  to  9,  Fig.  13. 

Diwusalon  of  Formulas. — Cases  i  to  3  are  for  vertical  walla  without  heels.  The  prcasuic 
P,  is  the  same  as  the  pressure  on  a  vertical  plane  in  the  filling.  Vertical  walte  with  heels  come 
under  f;a8es  4  to  6. 
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Caaes  4  to  6  are  for  walls  with  heels.  The  wall  may  be  vertical  or  may  lean  forward,  or  may 
kan  backward,  as  long  as  the  upper  edge  of  the  back  of  the  wall  is  in  front  of  the  vertical  plane 
through  the  edge  of  the  heel. 

Cases  7  to  9  are  for  walb  without  heels.  Walts  with  heels  come  under  cases  4  to  6  as  long  as 
the  upper  edge  of  the  back  of  the  wall  is  in  front  of  the  vertical  plane  through  the  edge  of  the  heel; 
if  the  upper  edge  of  the  back  of  the  wall  extends  back  of  the  vertical  plane  through  the  edge  of  the 
heel,  the  problem  can  be  solved  by  combining  the  solutions  of  cases  4  to  6  and  7  to  9. 

PrMsure  oa  FotmdAtions. — The  pressures  on  foundations  will  be  calculated  by  the  (olbw- 
ing  formulas: 

Where  a  is  equal  to  or  greater  than  If^. 
Pressure  at  the  toe 

f,  ==(4i-6o)J  (37) 

Pressure  at  the  heel  is 

f,  =  C6tt-a()J  {38) 

Where  a  is  less  than  '/s,  the  pressure  at  the  toe  is 

f-'i  (39) 

Mndples  for  Deilga  ot  Retaining  Walls. — The  following  principles  should  be  observed 
in  the  design  and  construction  of  retaining  walls. 

I.  For  usual  conditions  of  the  filling  use  an  angle  of  repose  of  i\  to  I  (^  =  33°  43').  For 
dry  sand  or  similar  material,  a  slope  o(  1  to  i  (^  >•  45°)  may  be  used. 

3.  The  maximum  pressure  at  the  toe  of  the  retaining  wall  should  never  exceed  the  safe 
bearing  pressure  on  the  material  considered. 

3.  When  the  retaining  wall  rests  on  a  compressible  material,  where  settlement  may  be  ex- 
pected, the  resultant  thrust,  £,  should  strike  at  the  middle  or  back  of  the  middle  of  the  base  of  the 
wall  so  that  the  wall  will  settle  toward  the  filling  (o  =  or  >  111). 

4.  When  the  retaining  wall  rests  on  a  material  where  settlement  may  not  be  expected  the 
resultant  thrust,  £,  should  not  strike  outside  the  middle  third  of  the  base  (a  ■-  or  >  //3},  except 
as  noted  in  (5)  below. 

5.  Where  the  retaining  wall  rests  on  solid  rock  or  is  carried  on  fwlcs  the  resultant  thrust,  E, 
may  strike  sli^tly  outside  (he  middle  third,  provided  the  wall  is  safe  against  overturning,  and  also 
provided  the  maximum  allowable  pressure  is  not  exceeded. 

6.  In  order  that  the  retaining  wall  may  be  safe  against  sliding,  the  frictional  resistance  of  the 
base,  combined  with  the  abutting  resistance  of  the  earth  in  front  of  the  wall,  must  be  greater  than 
the  horizontal  thrust  on  the  back  of  the  wall. 

7.  The  filling  back  of  the  wait  should  be  carefully  drained  so  that  the  wall  may  not  be  sub- 
jected to  hydrostatic  pressure. 

8.  The  foundation  for  a  retaining  wall  should  always  be  placed  below  frost  line. 

9.  A  careful  study  should  be  made  of  the  conditions  in  the  design  of  each  wall,  and  it  should 
be  remembered  that  no  theoretical  formulas  can  be  more  than  an  aid  to  the  judgment  of  the 
experienced  designer.  The  main  value  of  theoretical  formulas  is  in  obtaining  economical  pro- 
portions, in  obtaining  a  proper  distribution  of  the  stresses,  and  in  making  experience  already 
gained  more  valuable. 

PROBLEM!;  tK  Design  of  Retaining  Walls. 

PROBLEM  I.    IRVESnOATIOK  OP  HASOHRT  TALL. 

Problem. — Given  a  plain  masonry  retaining  wall  with  dimensions  as  shown  in  figure  in 

Problem  i  and  a  surcharge  at  an  angle  of  15*  00'.    Find  the  magnitude  and  direction  of  the 

pressure  against  the  wall,  the  unit  preasure  at  the  heel  and  toe,  and  the  facton  of  safety  against 
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sliding  and  overturning.  Uae  Rankine'a  Method  in  findii^  tfae  resultant  pressure  against  the 
wall  and  check  by  Coulomb's  Method.  The  weight  of  earth  is  to  be  assumed  as  loo  lb.  per  cu. 
(t.,  the  angle  of  repose  and  the  an^e  of  friction  30°  00',  and  the  angle  of  surchar^  15°  oo*. 

Solution. — To  find  the  pressure  against  the  wall  by  Rankjne's  Method  proceed  as  foUowe: 
Draw  AO  parallel  to  the  aurface  of  the  ground  and  at  any  convenient  point  O  in  AO  draw  OD 
at  right  angles  to  A  O.  Draw  OM  vertical  and  locate  M  by  striking  the  arc  DM  with  O  ai  a  center. 
Draw  OC  making  an  angle  ^  ■■  30°  with  OD.  At  any  point  e  in  OD  describe  an  arc  tangent  to 
OC  and  cutting  OM  at  /.  Draw  ef.  Through  M  draw  MG  parallef  to  «f.  Bisect  the  angle 
DGM  and  draw  GR'.    To  determine  the  semi-major  axis  of  the  ellipse  of  stress  draw  OR  paralM 


_     eOiff'  .     ■   ;    Il,.(.t1__ 

f-i^.  f=JL.  f-JL 
'    k  '    '  bjd'    '  l^jd 

y,:Y-^(ianettane') 


y,=Y-!itanS 


'  T^'  '  bjd     '  iojd 

y,=y-yiBn/3' 


Fig.  14.    Stresses  in  Wedge-Srapbd  Reinforced  Concrete  Beams. 

to  GR'  and  make  0M\  •=  OC  +  GM.  To  determine  the  semi-minor  axis  draw  OX  perpendicular 
to  OR  and  equal  to  OG  -  GM.  To  calculate  the  unit  pressure  against  the  wall  at  A  draw  OC 
at  right  angles  to  the  back  of  the  wall  AB  and  make  OC'  =  OC,  draw  C's  perpendicular  to  OR 
and  make  st  =  Os,  draw  G't  and  lay  off  G'if' equal  to  GM,  then  M'O  acting  as  shown  is  the  inten- 
sity of  stress  at  ^4 .  To  determine  the  magnitude  of  this  stress  M'O  measure  its  length,  using  the 
same  scale  as  that  used  in  laying  off  the  wall,  and  multi[dy  this  length  by  the  we^ht  of  a  cubic  foot 
of  earth  (100  in  this  case)  and  the  result  will  be  the  intennty  of  pressure  at  A  measured  in  pouitds 
per  sq.  ft.  on  the  surface  AB.  This  is  found  to  be  ^  -  8.35  X  100  =  835  lb.  per  sq.  ft.  The 
intensity  of  pressure  at  B  is  evidently  lero  and  since  the  pressure  varies  as  the  depth  the  total 
pressure  P  against  the  back  of  the  wall  AB  will  be  )^  X  length  AB  -  1  X  835  X  ao-S  —  8,360 
lb.    The  line  of  action  of  i*  is  parallel  to  OM'  and  the  angle  X  is  measured  and  found  to  be  35°  so'. 
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To  6nd  the  pressure  against  the  wall  by  Coulomb's  Method  jMixeed  as  follows:  The  pmeure 
against  the  vertical  plane  AB'  must  first  be  found  and  this  pressure  combined  with  the  wet^it 
of  the  wedge  ABB'  to  find  the  fM^ssure  against  AB.  This  procedure  is  necessary  because  Cou- 
lomb's method  gives  the  magnitude  of  the  pressure  but  not  its  direction,  and  since  it  is  known  th^ 
for  a  vertical  plane  the  pressure  is  parallel  to  the  ground  surface,  the  magnitude  and  direction  of 
the  resultant  pressure  can  be  found  by  combining  the  [K^essure  against  AB'  with  the  weight  of  the 
wedge  ABB'.  Draw  AB'  vertical  and  AD  making  an  angle  of  ^  ••  jo°  with  the  horizontal,  the 
point  D  being  the  intersection  of  this  line,  and  the  ground  surface.  Through  B'  draw S'Jf  making 
an  angle  t  =  15"  with  BF  the  normal  to  AD.  Locate  O  bisecting  the  line  AD  and  with  O  as  a 
center  and  ^0  as  a  radius  describe  the  semicircle  ACD.  Draw  MC  normal  to  AD  and  with  A  as 
a  center  and  a  radius  A  C  describe  the  arc  CN.  Draw  EN  parallel  to  B'M.  With  W  as  a  center 
and  radius  EN  describe  the  arc  ES.  Then  the  total  pressure  against  AB'  is  P'  =  area  SEN-m 
=  i  X  12-65  X  12.20  X  100  =-  7,700  lb,  acting  at  1  the  height  AB'  above  A.  Combine  P"  with 
W,  the  weight  of  the  wedge,  acting  through  its  centroid,  and  hnd  P  "  8,250,  the  resultant  prewtitc 
against  AB.     The  angle  X  b  measured  and  found  to  be  25°  16'. 

These  two  methods  should  give  the  same  result.  The  results  obtained  in  this  proUem  arc 
seen  to  check  very  closely. 

To  find  the  unit  pressure  at  the  heel  and  toe  combine  P  =  8,a6o  with  the  weight  of  the  »^ 
W  —  14,350,  acting  through  its  centrmd,  giving  the  resultant  E  —  19,230,  as  shown  in  the  proMem 
under  Ranlcine's  Method.  This  resultant  E  cuts  the  base  at  a  distance  b  —  I.80'  from  the  center, 
which  is  outside  of  the  middle  third.  The  unit  pressure  at  the  heel  and  toe  are  found  as  shown 
under  Coulomb's  Method  and  are  o  and  6,060  pounds  per  square  foot  respectively.  The  factor  of 
safety  against  sliding  is  equal  to  QU  •*■  RU  =  1.50,  and  against  overturning  is  SU  +  RU  »  2.9$- 

Results. — The  results  of  this  investigation  show  that  the  wall  is  unsatisfactory,  few  the 
resultant  pressure  on  the  base  falls  outside  of  the  middle  third.  The  unit  pressures  are  not 
excessive  if  the  foundation  is  dry  sand  or  day.  For  proof  of  construction  of  ellipse  of  stre^ 
see  the  author's  Design  of  Walls,  Bins  and  Grain  Elevators. 

PKOBLEH  2.    inVSSTIOATIOIf  OF  CANTILEVER  WALL. 

Probl«m. — Make  a  complete  investigation  of  the  reinforced  concrete  retaining  wall  with  a 
horizontal  surcharge  shown  in  Problem  2.  The  weight  of  the  wall  is  150  lb.  per  cu.  ft.  and  the 
earth  100  lb.  per  cu.  ft.     The  angle  of  repose  is  30"  00'. 

Solution. — The  first  step  in  the  solution  is  to  determine  the  pressure  acting  against  the  bat:k 
of  the  wall.  Thb  pressure  is  found  by  combining  the  pressure  P'  against  the  vertical  plane  A  'B", 
acting  at  one-third  of  the  height,  with  the  weight  W  of  the  wedge  of  earth  resting  on  the  heel 
acting  through  the  center  of  gravity  C  of  the  wedge.     The  calculations  are  shown  on  the  problefn. 

The  resultant  pressure  on  the  foundation  R  "  22,600  lb.  is  found  by  combining  the  prcamie 
P  on  the  wall  with  the  weight  of  the  wall  W  acting  through  the  center  of  gravity  G.  This  resultant 
pressure  R  cuts  the  base  at  a  distance  of  e  —  1.35  ft.  from  the  center  of  the  base.  The  unit  pres- 
sure at  the  heel  and  toe  are  calculated  as  shown  and  arc  517  and  2,945  lb.  per  sq.  ft.  respectively. 

The  wall  is  divided  into  three  cantilever  beams  which  must  be  investigated,  i.  c.,  the  vertical 
slab,  the  heel,  and  the  toe.  Three  sections,  A-A,  B-B  and  C-C  on  the  vertical  slab  must  he 
investigated  on  account  of  the  change  in  steel  area  at  these  sections.  The  intensity  of  stren  at 
A-A  ]&  p  =  wh-k  —  100  X6  X  0.333  =  300  lb.  persq.  ft.,  where*  =  (l  —  sin*)  +  (i  +siD#l. 
=  0.333.  The  total  pressure  on  the  cantilever  above  A-A  is  Pj  ■=  J  X  200  X  6  =  600  lb. 
acting  2.0  ft.  above  A-A.  These  values  arc  recorded  in  the  table.  The  shear  at  A-A  is  K  "=:  Pa 
•^  600  lb.  The  bending  moment  at  A-A  is  M  —  600  X  3  -  1,200  ft.-lb.  =  14,400  in.-lb.  The 
dimensions,  steel  area,  etc.,  at  this  section  are  as  given  in  the  table.  The  values  of  k  and  j  may 
be  taken  from  Fig,  2,  Chap.  XVIII,  or  from  formulas,  k  =  ^p'-n'  -f^pn  —  pnaaAj  —  I  —  I*. 
where  n  ••  15.  The  unit  stresses  can  now  be  calculated  from  the  formulas  given  in  the  table  aad 
are  there  recorded.    The  other  sections  of  the  vertical  stab  are  investigated  in  a  similar  n 
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318  RETAINING  WALLS.  Chap:  XIX. 

The  resultant  pressure  on  the  toe  ia  obtained  by  subtractinK  tbe  downward  force  due  to  the 
weight  of  the  toe  from  the  upward  force  due  to  the  foundation  pressures.  This  gives  a  resultant 
pressure  upward  as  shown  graphically  by  the  shaded  area  in  (/)  on  the  proUem.  Tbe  shear  at 
the  section  is  given  by  the  portion  of  the  shaded  area  to  the  left  of  the  section,  and  the  moment  by 
the  monient  of  this  area  about  the  section.  These  values  are  recorded  in  the  taUe.  The  strease* 
at  D-D  are  found  in  the  same  way  as  explained  for  A~A.  On  account  of  the  fillet  the  stresses  at 
the  section  E-E  must  be  found  by  using  the  formulas  for  wedge-shaped  beams.  Fig.  14- 

The  resultant  pressure  on  the  heel  is  obtained  by  subtracting  the  downward  force  due  to  the 
weight  of  the  heel  and  the  earth  on  the  heel  from  the  upward  force  due  to  foundation  pressures. 
Thb  gives  a  resultant  pressure  acting  downward  as  shown  by  the  shaded  area  in  (/).  Tbe  unit 
stresses  at  F-F  and  G-G  are  found  as  in  a  similar  manner  to  that  explained  for  the  sections  I>-D 
and  E-E.  In  investigating  the  section  C-G  the  horizontal  steel  was  neglected,  for  since  it  b  so 
near  the  neutral  aids  it  would  be  carrying  very  little  stress,  and  the  solution  considering  this  steel 
is  quite  laborious.  The  unit  stress  in  steel  at  this  section  would  be  somewhat  less  than  the  value 
of  ifi,300  lb.  per  sq.  in.  given  in  the  table.  In  investigating  the  section  F-F  the  diagonal  steel 
was  neglected,  for  if  the  section  had  been  taken  a  little  to  the  right  of  its  present  position  the  steel 
would  be  so  near  the  neutral  axis  that  it  would  not  be  effective  and  the  moment  would  have  been 
reduced  but  a  small  amount. 

The  required  length  of  embedment  beyond  the  section  of  zero  moment  is  6gured  for  a  stress 
of  16,000  lb.  per  sq.  in.  in  the  steel  and  a  bond  stress  of  80  lb.  per  sq.  in.  if  tbe  ends  are  not  hooked, 
and  130  lb.  per  sq.  in.  if  hooked. 

The  factor  of  safety  against  overturning  is  always  safe  in  this  type  of  wall.  The  factor  of 
safety  of  sliding,  neglecting  the  cut-oiT,  is  equal  to  the  ratio  of  Vtza  *'  to  i*  —  31, 100  X  O.577 
-r  8.067  -  1-5"- 

The  percentagje  of  temperature  reinforcement  in  the  vertical  slab  is  0.35  +  16.3  X  13  — 
0.0013,  using  the  section  B-B  as  an  average  section.  This  should  be  at  least  0.0033  to  conform 
to  the  best  practice. 

Results. — The  results  of  the  investigation  are  shown  on  the  problem.  The  wall  ia  found  to 
be  satisfactory  in  every  respect  except  for  the  temperature  reinforcement. 

PROBI£H  3.    DESIGN  OF  A  CAHTILEVER  RSTAimNO  WALL. 

Problem. — Design  a  cantilever  wall  having  a  total  height  of  3o  ft.  with  tracks  spaced  14  ft. 
running  parallel  to  the  wall  and  carrying  Cooper's  E  $0  loading.  The  weight  of  concrete  is  150 
lb.  per  cu.  ft.  and  of  earth  too  lb.  per  cu.  ft.  'Rie  angle  of  repose  and  the  angle  of  internal  friction 
are  li  to  I  (33"  4a').  The  allowable  unit  stresses  are  tension  in  steel  16,000  lb.  per  sq.  in.,  com- 
pression in  concrete  650  lb.  per  sq.  in.,  allowable  bond  stress  So  lb.  per  sq.  in.,  if  ends  of  bars  are 
not  hooked,  and  tso  lb.  per  sq.  in.  if  ends  are  hooked,  n  •  15.  The  allowable  pressure  on  the 
foundations  is  2  tons  per  sq.  ft. 

Solution. — The  effect  of  the  train  toad  may  be  taken  care  of  by  using  an  equivalent  sur- 
charge.  The  axles  arc  spaced  5  ft.  and  the  axle  load  is  50,000  lb.,  and  since  the  tracks  are  spaced 
14  ft.,  the  load  per  square  foot  is  50,000/(5  X  14)  =  720  lb.  This  is  equivalent  to  a  surcharge 
730  -!-  100  "  7.3  ft.  high.  A  height  of  8  ft.  will  be  used.  It  is  not  necessary  to  consider  impact 
in  figuring  the  earth  pressure  due  to  engine  loads.  Two  cases  must  be  considered:  (i)  when  the 
first  track  is  not  loaded  and  there  is  therefore  no  live  load  over  the  heel,  and  (2)  when  all  of  the 
tracks  are  loaded  and  there  is  therefore  a  live  load  over  the  heel.  The  first  case  is  usually  the 
more  severe.     See  lirst  part  of  this  chapter. 

The  width  of  base  which  will  make  the  resultant  pressure  on  the  base  pass  through  the  outer 
edge  of  the  middle  third  was  determined  for  Case  i  from  the  diagram  in  (1:)  Fig.  4,  page  164A 
in  the  author's  "Design  of  Walls,  Bins  and  Grain  Elevators,"  for  n  —  0.4  to  be  d  —  13.7  ft. 
For  Case  3  from  diagram  (d),  for  k  »  0.4,  d  =  11.7  ft.  Case  I  gives  the  maximum  width  of 
base.    Use  d  -  14  ft. 
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The  ininimum  top  width  which  should  be  used  is  12  in.  and  (or  a  wall  of  this  uze  the  hue 
slab  should  be  about  3  (t.  thicic  In  some  cases  it  may  be  more  econouiicaJ  to  use  a  thicknese  of 
12  in.  at  thp  heel  and  toe  and  taper  the  base  slab  up  to  the  required  thickneseat  the  junction  of  the 
base  and  the  vertical  slab. 

In  designing  this  type  of  wall  the  section  may  be  considered  as  divided  into  three  cantilever 
beams,  t.  e.,  the  vertical  slab,  the  heel,  and  the  toe.  The  first  step  is  to  determine  the  thiclmess 
of  the  vertical  slab  where  it  joins  the  base.  This  section  will  be  called  C-C.  The  effect  of  the 
fillet  will  be  neglected  for  this  section.  The  horizontal  pressure  on  the  vertical  slab  is  the  same 
aa  on  the  portion  of  the  plane  A  'B  between  C-C  and  the  top  of  the  wall.  The  unit  pressure  at  a 
depth  of  iS  +  3  =  26  ft.  from  the  top  of  the  surcharge  is  ^  ~  whk  =  100  X  16  X  0.zS6  =  744 
lb.  per  sq.  ft.  The  unit  pressure  at  the  top  of  the  wall  or  3  ft.  below  the  top  of  the  aurcbar^  is 
/>  =  100  X  8  X  0,286  =  3*9-  The  total  pressure  above  the  section  C-C  is  P,  =  1(2*9  +  744) 
X  18  =  8,750  lb.  per  foot  of  length  of  wall.  The  distance  from  C-C  to  the  line  of  action  of  P, 
may  be  found  graphically  or  calculated  from  the  formula 

^3a  +  b    h  __  a  X  aa9  +  744     18  _ 
0  +  63  229  +  744 


■  —  -  7.40  ft. 


where  a  and  b  are  the  bases  of  the  trapezoid  and  h  tlie  height.    The  values  of  P,  and  y  are  recorded 

in  the  table.  The  shear  at  the  section  iaV  =  P.  =  8,750  lb.  and  the  moment  is  if  •=  8,750  X  7.40 
—  64,800  ft.-lb,  a  777,000  in.-Ib.     Using  an  allowable  unit  shear  of  40  lb.  per  sq.  in.,  which 

corresponds  to  an  average  shear  of  35  lb.  per  sq,  in.,  the  thickness  required  by  shear  is  i  =  V  +  356 
=  8,750  +  35  X  12  =  20.8  in.  The  coefficient  of  re»stance  for  /,=  ifi,ooo  and  /.  =  650  is 
107.5;   the  depth  required  for  a  moment  of  777,000  in.-Ib.  is  therefore  (see  formula  (6c),  Chap. 

XVIII).  

d  =•  >/777.ooo  +  107.5  X  12  -  24.5  in. 

A  depth  of  35  in.  will  be  adopted  with  3  in.  of  concrete  outside  of  the  ateel,  making  a  total  depth 
of  33  in.  The  dimensions  of  the  vertical  slab  are  now  known,  the  batter  of  the  face  being  taken 
as  6  in.  in  18  ft.  The  front  of  the  vertical  slab  is  phced  at  a  distance  of  1  X  14  -  9.33  ft.  from 
A',  or  4  ft,  8  in.  from  the  toe. 

The  foundation  pressures  at  the  heel  and  toe  will  now  be  found.  The  unit  horizontal  pressure 
at  ^'is^  =  w-ft-fe  =  too  X  28  X  0.286  =  800  lb.  per  sq.ft.  The  total  pressure  against  il'B'  ia 
F  -  J(239  +  800)  X  20  =  10,290  lb.  for  both  cases.  The  distance  of  P  from  the  base  is  found 
to  be  8.16  ft.  as  explained  for  Pt.  It  is  evident  that  there  can  be  no  horizontal  pressure  acting 
above  the  top  of  the  wall  for  there  is  nothing  for  it  to  act  against.  In  hndiug  the  resultant  pressure 
on  the  wall  the  horizontal  pressure  P  is  combined  with  the  weight  over  the  heel  W  acting  through 
its  centroid.  This  pressure  on  the  wall  is  combined  with  the  weight  of  the  wall  acting  through  its 
centroid.  This  resultant  pressure  cuts  the  base  at  a  distance  from  the  center  of  c  =  3.07  ft.  for 
Case  I  and  0.86  ft.  for  Case  3.  The  unit  pressures  at  the  toe  and  heel  are  now  calculated  as  shown 
on  the  problem.  These  are  all  within  the  allowable  pressure  and  the  resultant  pressure  on  the 
foundations  strikes  within  the  middle  third  so  the  width  of  base  is  satisfactory. 

The  resultant  pressure  on  the  toe  is  found  by  subtracting  the  downward  force  due  to  the 
weight  of  the  toe  from  the  upward  force  due  to  the  foundation  pressures.  This  pressure  is  ^town 
by  the  shaded  area  in  the  foundation  pressure  diagram.  The  shear  at  the  section  D-D  is  equal  to 
the  portion  of  this  area  to  the  left  of  the  section,  and  the  bending  moment  is  equal  to  the  moment 
of  this  portion  of  the  area  about  the  section.  The  values  of  the  shear  and  moment  for  these  two 
cases  are  recorded  in  the  table,  and  the  depth,  steel  area,  and  unit  stresses  are  worked  out  as 
explained  for  the  section  C-C.  Section  E-E  is  worked  out  in  a  »milar  manner  but  it  is  found 
that  a  fillet  is  required  so  the  formulas  for  wedge-shaped  beams  must  be  used. 

The  resultant  pressure  on  the  heel  is  found  by  subtracting  the  downward  force  due  to  the 
weight  of  the  heel  and  the  load  on  the  heel,  from  the  upward  force  due  to  foundation  preaaurcs. 
This  gives  a  resultant  force  downward  as  shown  by  the  shaded  areas  in  the  foundation  pressure 
diagrams.    The  shear  and  moment  at  the  sections  F-F  and  G-G  were  calculated  as  explained  for 
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D-D.  A  filkt  is  not  necessary  but  one  will  be  put  in  to  correspond  with  that  on  the  front  of  the 
wall.  The  reinforcement  in  this  fillet  will  be  made  nominal  and  the  effect  of  the  fillet  will  be 
ne^ected  in  the  calculations,  assuming  all  of  the  tennon  to  be  carried  by  the  horizontal  steel. 
The  diagonal  steel  in  the  fillet  will  carry  a  high  unit  stress,  but  this  will  have  no  effect  on  the 
strength  of  the  wall. 

The  calculations  for  all  sections  of  the  wall  are  pven  in  the  table.  The  minimum  factor  of 
safety  against  aiding  is  for  Case  i  where  the  resultant  pressure  on  the  foundation  makes  an 
angle  of  65°  with  the  horizontal,  giving  a  factor  of  safety  of  tan  33*  42'  -f-  tan  (90°  —  65°)  •■  0.667 
+  0.466  —  t.43,  neglecting  the  effect  of  the  cut-off.  The  cutoff  will  increase  the  factor  of  safety 
against  sliding  very  materially.    Walls  of  this  type  are  always  safe  against  overturning. 

All  bara  must  be  embedded  jo  diameters  beyond  the  section  of  zero  moment  if  ends  are  not 
hooked  and  33  diameters  if  ends  are  hooked. 

Working  drawings  based  on  the  calculations  given  in  the  table  are  shown  in  the  problem. 

Reference. — For  additional  data  on  the  design  of  retaining  walla  see  the  author's  "  The 
Design  of  Walls,  Bins  and  Grain  Elevators." 
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CHAPTER  XX. 
Design  of  Bridge  Abutments  and  Piers. 

Introdnctiaai. — An  abutment  is  a  atructure  that  supporte  one  end  of  a  bridge  span  aad  at  the 
tame  time  suppons  the  embankment  that  carries  the  track  or  roadway.  An  abutment  also 
usually  protects  the  embankment  from  the  scour  of  the  stream. 

A  pier  19  a  structure  that  supports  the  ends  of  two  bric^  spans.  Piers  must  be  designed 
so  as  not  to  interfere  with  the  flow  of  the  stream,  and  care  must  be  used  to  prevent  undermining 
the  pier  by  the  scour  of  the  stream. 

TTPBS  OF  ABUTHBITTS. — Masonry  abutments  may  be  classified  under  four  heads, 
Fig.  I,  (a)  straight  or  "stub"  abutments;  (6)  wing  abutments;  (e)  U  abutments;  (d)  T  abutments. 

(a)  The  standard  straight  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.,  alipwn  in  Fig.  i,  is  an 
excellent  example  of  an  abutment  of  this  type.  The  earth  fill  is  allowed  to  flow  around  the  ends 
of  the  abutment  aa  shown.  Straight  abutments  ^ould  not  be  used  where  the  water  will  wash 
the  -fill  away. 

(b)  A  standard  wing  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  I.  The  length 
of  the  wings  is  determined  by  the  width  of  the  roadway,  the  allowable  slope  of  the  sides  of  the 
embankment  and  the  angle  of  the  wii^js.  Tbe  angle  that  the  wings  make  with  the  face  of  the 
abutment  ordinarily  varies  from  30  degrees  to  45  degrees  for  standard  conditions.  For  skew 
bridges  and  for  unusual  conditions  the  angle  of  the  wing  is  variable. 

(e)  A  standard  U  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  I.  This  is  a 
wing  abutment  with  the  wings  making  an  angle  of  90  degrees  with  the  face  of  the  abutment. 
The  wings  are  tied  together  by  means  of  old  railroad  rails  as  shown.  The  wing  walls  ran  back 
into  tbe  fill,  which  Bows  down  in  front  of  the  wings.  If  the  slope  is  liable  to  be  washed  away  by 
the  Bcoiir  of  the  stream  the  wings  should  be  extended  farther  into  the  bank. 

((f)  A  standard  T  abutment  of  the  South  Bend  and  Michigan  Southern  Railway  for  a  skew 
span  is  shown  in  Fig.  i.  The  T  abutment  is  essentially  a  straight  abutment  with  a  stem  running 
back  into  the  fill:  the  stem  carries  the  roadway,  supports  the  abutment,  and  prevents  water  from 
finding  its  way  along  the  back  of  tbe  abutment.  A  T  abutment  may  be  considered  as  a  U  abut- 
ment with  the  two  wings  in  one. 

STABILITT  OF  BRIDGE  ABDTHENTS  WITHOUT  WIHOS.— A  bridge  abutment 
roust  be  stable  (i)  against  overturning,  (3)  against  sliding,  and  (3)  against  crushing  the  material 
on  which  the  abutment  rests,  or  the  masonry  in  the  abutment.  The  problem  of  the  design  of  a 
bridge  abutment  is  essentially  the  same  as  the  design  of  a  retaining  wall,  for  which  see  Chapter  V. 
The  method  of  design  wEll  be  shown  by  giving  tbe  calculations  for  a  straight  concrete  abutment 
for  West  Alameda  Avenue  Subway,  Denver,  Colo. 

Design  of  Concrate  Abutment  for  West  Alamedx  Avenuo  Subway,  Denver,  Colorado. — The 
height  of  the  abutment  is  31  ft.  6  in.  from  the  bottom  of  the  footing  to  the  top  of  the  bridge  seat, 
and  as  ft.  0}  in.  to  the  top  of  the  back  wall.  The  following  assumptions  were  made:  Weight  erf 
concrete,  150  lb.  per  cu.  ft.;  weight  of  filling,  w  —  100  lb.  per  cu.  ft.;  angle  of  repose  of  the  filling, 
il  to  I  (^  —  33°  43');  surcharge  800  lb.  per  sq.  ft.,  equivalent  to  8  ft.  of  filling;  maximum  load 
on  foundation  fi,ooo  lb.  per  sq.  ft. 

S<dDtioa. — After  several  trials  the  dimen^ons  given  in  Fig.  2  were  taken.  The  stability  of 
the  abutment  was  investigated  for  two  conditions:  (a)  with  a  full  live  and  dead  load  on  the  bridge 
and  on  the  filling,  and  (6)  with  no  live  load  on  the  bridge  and  no  surcharge  coming  on  the  filling 
above  the  wall,  it  being  assumed  that  a  locomotive  is  approaching  the  bridge  from  the  right,  and 
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has  reached  the  point  a  in  (6),  Fig.  3.  The  weight  of  the  girders  and  the  live  load  was  assumed  as 
uniformly  distributed  over  a  length  of  the  abutment  equal  to  the  distance  between  track  centers, 
and  one  lineal  foot  of  wall  was  investigated. 

C*Be  (a). — The  pressure  of  the  filling  on  the  plane  Bs  was  calculated  as  in  Chapter  V, 
Fig.  9,  and  is  P'  —  14,700  lb.,  acting  through  the  center  of  gravity  of  the  trapezoid  2-3-4- B. 
The  weight  of  the  filling  and  surcharge  is  Wt  +  Wt  "  14,900  lb.,  which  when  combined  with  P" 
gives  the  resultant  pressure  of  the  filling  on  the  wall  —  P  =  30,900  lb.  The  pressure  P  is  then 
combined  with  the  we^ht  of  the  wall,  Wi  —  39,800  lb.,  and  with  the  dead  load  and  live  load 
from  the  girder  —  I3,S30  lb.,  giving  the  resultant  pressure  on  the  foundation,  E  «  59400  lb., 
and  acting,  b  —  1.4  ft.  from  the  center  of  the  wall,  and  F  —  S7.50o  lb. 

I.  SlabiUiy  Agaiitsl  Otmrluming. — The  resultant  E  is  nearly  vertical  and  well  within  the 
middle  third,  so  that  the  wall  is  amply  safe  against  overturning. 


S 


Fig,  a.    Abutment  fob  West  Alameda  Avenue  Subway,  Denver,  Colo. 

2.  Stability  Atainst  Sftdine.— Assuming  that  ♦'  =  30*,  then  the  coefficient  of  friction  will 
be  tan  ♦'  —  0.57.  Using  the  definition  of  factor  of  safety  given  in  equation  (27)  Chapter  V.  the 
re^stance  of  the  wall  against  sliding  will  be  57.500  X  0.57  =  32,765  lb.  The  sliding  force  is 
P"  —  14,700  lb,,  and  the  factor  of  safety  is  32,765/14,700  —  2.23,  which  is  ample. 

3.  Prezsure  on  Foundation. — The  pressure  on  the  foundation  will  be  f  =  F/d  ±  SF'b/d' 
—  +  5.740  and  +  1,700  lb.  per  sq.  ft.,  which  is  safe. 

4.  Upnard  Pressure  on  Front  Projection  t^  Foundation.— The  base  will  be  investigated  on 
the  [Jane  7-8  to  see  that  the  upward  pressure  will  not  break  off  the  front  projection  of  the  founda- 
tion. The  bendii^:  moment  of  the  upward  pressure  about  the  front  face  of  the  wall  in  (a),  Fig.  2, 
will  be 
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M  -  K5.740  +  4.690)4  X  3.1  X  13 
—  535,673  in-Ib. 
The  tension  on  the  concrete  at  the  bottom  of  the  footing  will  be 
W^_^^  _  535.673  X  37 
■'  "    /     "    3/    "       I574<i4 
■  93  lb.  per  sq.  in. 

The  footing  ia  safe,  but  I  in.  O  rods  were  placed  18  in.  centera  and  3  in.  from  the  bottom  of 
the  foundation. 

Cmb  (b).^The  solution  is  the  same  as  for  (a)  except  that  the  live  load  from  the  girder  =  9,980 
lb.,  and  the  surcharge  load  1-3-5-6  -  (V,  -  6,630  lb,  were  omitted.  The  wall  is  safe  for  over- 
turning. The  factor  of  safety  against  sliding  ia  from  equation  <37)  Chapter  XIX  ft  —  41,500 
X  0.57/14,700  —  1.6,  which  is  safe.    The  pressure  on  the  foundation  is  safe. 

The  t>ack  wall  waa  placed  after  the  bridge  seats  were  finished.  To  bond  the  back  wall  to 
the  abutment,  )  in.  O  rods  4  ft.  long,  spaced  18  in.  centers,  were  placed  in  two  rows  3  in.  from 
the  back  and  front  face,  one-half  of  the  length  of  the  rod  being  imbedded  in  the  main  wall. 

PRINCIPLBS  OF  DESIGN.— To  prevent  tension  on  the  back  side  of  the  footing  and  to 
make  sure  that  the  maxinnim  compression  on  the  front  side  of  the  footing  ahail  not  be  greater 
than  twice  the  average  pressure,  the  resultant  of  the  thrust  of  the  filling,  the  weight  of  the  masonry, 
the  weight  of  the  bridge  and  the  live  load  must  strike  within  the  middle  third  of  the  base.  Where 
the  abutment  rests  on  rock  or  solid  material  where  settlement  will  not  occur,  it  will  not  be  serious 
if  the  resultant  strikes  a  little  outside  of  the  middle  third,  providing  the  allowable  pressure  on  the 
foundation  ia  not  ejcceeded.  When  the  abutment  is  on  compressible  material  where  settlement 
will  take  place,  the  resultant  of  the  pressures  should  strike  at  or  back  of  the  center  of  the  base,  bo 
that  the  abutment  will  not  tip  forward  in  settling.  It  is  standard  practice  to  uae  piles  in  the 
foundation  for  abutments  resting  on  compressible  soil. 

For  the  design  of  wing  walls  sec  the  design  of  Retaining  Walls,  Chapter  XIX. 

In  addition  to  the  requirements  for  stability  abutments  should  satisfy  the  following  additional 
requirements. 

(a)  The  abutment  should  protect  the  bank  from  scour,  (b)  The  abutment  should  prevent 
the  embankment  drainage  from  washing  away  the  bank,  (c)  The  abutment  should  be  easily 
drained. 

Empirical  Desiga. — A  common  rule  is  to  make  the  minimum  thickness  of  the  main  part  of 
the  abutment  not  less  than  tV  the  height  above  any  section;  and  project  the  footii^  on  each 
side  as  may  be  required.  Empirical  methods  of  deugn  often  give  unsatisfactory  results  and  are 
not  to  be  recommended. 

DESIGN  OF  BRIDGE  PIERS.— Bridge  piers  must  be  designed  (i)  for  the  total  vertical 
load  due  to  the  dead  load  of  the  span  and  the  live  load  on  the  span,  and  the  weight  of  the  pier; 
(3)  for  wind  pressure  on  the  pier  and  the  bridge;  (3)  to  withstand  floating  drift  and  ice;  and  (4) 
to  take  the  longitudinal  thrust  due  to  stoppii^  a  car  or  train  on  the  bridge,  and  due  to  temperature 
when  the  rollers  do  not  move  freely.  The  wind  pressures  aie  calculated  as  specified  in  speci- 
fications for  bridges,  and  are  assumed  to  act  in  the  vertical  line  of  the  center  of  the  pier;  on  the 
top  chord  of  the  truss;  the  bottom  chord  of  the  truss;  6  or  7  feet  above  the  base  of  the  rail;  and  at 
the  center  of  gravity  of  the  exposed  part  of  the  pier.  The  total  wind  moment  is  then  calculated 
about  the  leeward  edge  ot  the  base  of  the  pier,  and  the  maximum  stresses  on  the  foundation  due 
to  direct  load  and  wind  are  calculated  in  the  same  manner  as  the  calculation  of  the  pressures  of 
abutments. 

The  effect  of  the  current  of  the  stream  and  of  floating  ice  and  drift  are  difficult  to  calcutace. 
The  pressure  of  a  Rowing  stream  on  an  obstruction  te  given  by  the  formula 
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where  P  —  the  total  pressure  oa  the  surface;  m  —  a  constant;  tc  —  weight  of  a  cubic  foot  of 
water;  a  —  area  of  wetted  surface  nonnal  to  the  current  in  sqiuire  feet;  v  —  velocity  of  curreat 
in  feet  per  second;  and  g  —  acceleration  due  to  gravity  —  33.3  feet.  The  value  of  m  varies  with 
the  shape  and  the  dimensioiiB  of  the  pier.  Weisbach'a  Mechanics  gives  the  following  data: — 
For  a  prism  three  times  as  long  as  broad,  m  —  1.33.  For  a  [rier  five  or  six  times  as  long  as  broad 
and  with  a  cutwater  having  plane  faces  and  an  angle  of  30  degrees  between  the  cutwater  faces, 
m  ■■  0.4S.    For  a  square  pier,  m  —  1.36,  and  for  a  circular  pier,  m  —  0.64. 

The  maximum  pressure  due  to  floating  ice  will  be  the  crushing  strength  of  the  ice.  which 
varies  from  400  to  800  lb.  per  sq.  in-  The  principal  danger  from  Boating  ice  and  drift  is  that 
the  current  of  the  stream  will  be  deflected  downward  and  will  gouge  out  the  material  around 
and  under  the  pier  and  cause  failure.  To  prevent  thb  it  b  quite  common  to  build  piers  with  a 
"break- water,"  " starkwatcr,"  "cutwater,"  or  nose  that  will  deflect  drift  and  ice,  or  to  put  in  a 
pile  protection  on  the  upstream  side  of  the  pier.  If  the  water  can  get  under  the  pier  the  buoyancy 
of  the  water  must  be  considered  in  calculating  the  stability  of  the  pier.  If  there  is  danger  of 
scouring  then  it  b  well  to  deposit  large  stones  and  riprap  around  the  base  of  the  pier. 

Batter. — Piers  and  abutments  are  seldom  battered  more  than  one  inch  to  one  foot  of  vertical 
height,  or  less  than  one-half  inch  to  the  foot,  although  high  piers  are  sometimes  battered  only 
one-fourth  inch  to  one  foot. 

ALLOWABLE  E«BSSUSES  OH  FOUNDATIOHS.— The  allowable  pressures  on  founda- 
tions depend  upon  the  material,  the  drainage,  the  amount  of  lateral  support  given  by  the  adjacent 
material,  the  depth  of  the  foundation,  and  other  conditions,  so  that  It  is  not  poadble  to  give  data 
that  will  be  more  than  an  aid  to  the  judgment.  If  properly  designed  a  moderate  settlement  of 
some  particular  structure  may  do  no  harm,  while  a  less  settlement  in  another  structure  may  be 
disastrous.    Prtrfessor  I.  O.  Baker  gives  the  values  in  Table  I  in  his  "  Masonry  Construction." 


KJod  ol  UaUrial. 

a*  Beariu  Pmm  id  Tons  per  Sqmn  Foot.  | 

Mb. 

Mu. 

2S 

30 

SO 

6 
4 

3 

6 
4 

Present  practice  b  more  nearly  given  by  the  values  in  Table  II.    Foundations  should  n 
be  placed  directly  on  quicksand. 

TABLE  11. 
Allowablb  Bearing  on  Foundations. 


Kind  o(  Material. 


Too*  pet  Square  Foot. 


Soft  clay  or  loam 

Ordinary  clay  and  dry  sand  mixed  with  day.  . 

Dry  tand  and  dry  clay 

Hard  clay  and  firm,  coane  land 

Firm,  coane  »and  and  gravel 

Shale  rock 

Hard  rock 


*  Baker's  "  Masonry  Construction,"  John  Wiley  &  Sons. 
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Mr.  E.  L.  Cortbell  gives  the  euromary  of  the  prettures  oa  deep  foundatioiia  in  Table  III, 

TABLE  m. 
Actual  Pkessures  oh  Deep  Foukdations,' 


Actual  Pressures  which  Showed  No  Setdemcnt.                                               | 

M>tertal. 

""^^^ 

Pnniie  In  Tons  per  Sqiuie  Foot.                     | 

Maitmum. 

Minimum. 

Avcnn- 

Fine  sand 

33 

s 

S-4 

l" 

6.1 
S.O 

12.0 

M 
IS 

3.0 

4S 
SI 
4-9 

if 

Coarse  sand  and  gravel 

Actual  Pressures  which  Showed  Settlement.                                                  1 

Fine  sand 

i 

s 

3 

7.0 

7.6 
7-4 

1.8 

n 

1.6 

s-» 

S-* 

'3-3 

The  data  in  Table  III  sbowe  that  great  care  must  be  used  \a  dctermioinK  on  the  allowable 
pressure  for  any  particular  foundation,  and  that  safe  values  for  the  bearing  power  of  soils  sttould 
only  be  used  as  an  aid  to  the  judgment  of  the  engineer. 

WATERWAY  FOR  BRIDGES.— The  clear  waterway  for  bridges  should  be  ample;  great 
care  should  be  used  to  prevent  floating  logs  and  debris  from  clogging  up  the  opening.  The  neces- 
sary waterway  depends  upon  the  character  and  siieot  the  ninofT  area,  the  slope  and  siie  of  the  stream 
and  upon  other  local  conditions. 

Many  formulas  have  been  proposed  for  determining  the  waterway  of  culverts  and  bridges. 
The  formula  best  known  to  the  author  is  that  proposed  by  Professor  A.  N.  Talbot.     It  is 

A  -cVlJi 

where  A  —  area  of  the  required  opening  in  sq.  ft.; 
M  •>  area  of  drainage  basin  in  acres; 
e  —  a  coefhcient  varying  with  the  slope  of  the  ground,  slope  of  the  drain^ie  area,  character 
of  the  soil  and  character  of  vegetation. 
Professor  Talbot  gives  the  following  values  of  e  :  c  ->  )  to  I  for  steep  and  rocky  ground; 
c  =  1  for  rolling  agricultural  country,  subject  to  floods  at  times  of  melting  snow,  and  with  the 
length  of  valley  3  to  4  times  its  width;  c  —  )  to  1  for  districts  not  affected  by  accumulated  bdow 
and  where  the  length  of  the  valley  is  several  times  its  width. 

The  "Dun  I>rainage  Table,"  which  is  quite  generally  used  by  railways.  Is  ^ven  on  page  251, 
of  the  author's  "Structural  Engineers'  Handbook." 

PREPARING  THE  FOUNDATIOKS.— The  preparation  of  the  site  of  the  abutment  or 
pier  will  depend  upon  the  conditions  and  character  of  the  material. 

Rock.— Where  the  water  can  be  excluded,  the  rock  should  be  cleared  of  all  overlying  material 
and  disintegrated  rock.  The  surface  is  then  leveled  up  either  by  cutting  off  the.  projections  or 
by  depositing  a  layer  of  o 


"Allowable  Pressures' 


n  Deep  Foundations"  by  E.  L.  Corthell,  John  Wiley  &  Sons. 
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H«rd  Ground  —The  material  should  be  eitcavated  well  below  the  frost  and  scour  line.  Where 
the  foundations  cannot  be  carried  low  enough  to  prevent  undermining,  piles  should  be  driven  at 
about  3i  to  3  ft.  centers  over  the  foundation. 


Waterway  for  Bridges  and  Colverts. 
Square  Feet  of  Waterway  Required  for  Culverts  and  Bridges  with  Varying  Sm  and  Character  of 


TribuUry  Watershed,  Calculated  by  Talbot 

E  formula*: 

Ar«, 
Acta. 

Aruo 

fCulv«..Sq.  r.. 

te. 

Art«  of  Culvert.  Sq.  Ft. 

4S,. 

AmorCQl«it. 

=q,F.. 

.=  ,. 

f  =  'l3- 

'■  =  i«. 

(-,. 

(  =  ./j. 

r^.ft. 

.-.. 

'  -  '/S- 

'-■/S- 

I.O 

0.3 

0.1 

30 

<..8 

4-3 

2.6 

f 

75 

IS 

is 

S 

103 

34 

117 

a.o 

*l 

0.7 

31.6 

lo-S 

(>■% 

J 

S90 

97 

IIJD 

7.0 

t 

119 

71 

7.fi 

160 

S:°o 

488 

ibl 

9S 

3» 

1.9 

i+O 

10 

7IS 

»3S 

•</■■£  \37'  where  ,^  —  sectional  area  of  culvert  in  tquare  feet. 
M  =  area  of  tributary  watershed  in  acre>. 
c  —  I  for  ibnijjl  ilopea. 

1/3  for  rolling  agricultural  country. 
l/S  tor  level  cultivated  land. 

Soft  Ground. — The  materials  should  be  excavated  to  a  solid  stratum  or  piles  spaced  about 
a|  to  3  ft.  centers  should  be  driven  over  the  foundation  to  a  good  refusal.  The  piles  should  be 
cut  off  below  low  water  level  to  carry  a  timber  grillage,  or  concrete  may  be  deposited  around  the 
heads  of  the  [nles.  Where  water  cannot  be  excluded  it  will  be  necessary  to  use  one  of  the  following 
methods:  open  caisson,  crib,  coffer  dam,  or  pneumatic  caisson. 

In  using  an  open  caisson  the  masonry  is  built  up  or  the  concrete  b  deposited  in  a  water  tight 
box  built  of  heavy  timbers  or  of  reinforced  concrete,  the  caisson  being  sunk  as  the  pier  is  built  up. 
The  caisson  is  commonly  floated  into  place  and  then  is  sunk  on  piles  which  have  been  sawed  off 
to  receive  it,  or  on  a  solid  rock  foundation.  The  udes  of  timber  caissons  are  usually  removed 
after  the  pier  is  completed. 

Timber  cribs  are  made  of  squared  timbers  placed  transversely  and  longitudinally,  and  bolted 
together  so  as  to  form  a  solid  structure  with  open  pockets.  The  crib  is  sunk  by  loading  the 
pockets  with  stone.     No  timber  should  be  left  above  the  low  water  mark  in  open  caissons  or  cribs. 

A  coffer  dam  is  usually  made  by  driving  two  rows  of  sheet  piling  around  the  pier,  the  space 
between  the  rows  of  piling  being  filled  with  clay  puddle.  For  small  depths  a  single  row  of  sheet 
piling  is  often  sufhcient.  Where  the  depth  is  too  great  for  one  length  of  sheet  piling,  additional 
rows  are  driven  inside  the  first.  Steel  sheet  piling  is  now  much  used  for  difficult  foundations. 
Steel  sheet  piling  can  be  driven  through  ordinary  drift  and  similar  material,  is  not  limited  in 
depth,  and  is  practically  water  tight  when  used  in  a  single  row.  It  can  be  drawn  and  used  again. 
It  is  almost  impossible  to  shut  off  all  the  water  with  a  coffer  dam,  and  pumps  should  be  provided. 

Pneumatic  caissons  should  only  be  used  under  the  direction  of  experienced  engineers  and 
will  not  be  considered  here. 

For  details  of  sinking  piers  see  Jacoby  &■  Davis'  "  Foundations  of  Bridges  and  Buildings  ", 
McGraw-Hill  Book  Company. 

EXAMPLES  OF  BRIDGE  ABDTHENTS  AND  I 

abutments  and  ^ners  will  be  described  in  detail. 


—Several  different  types  of  bridge 
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Cbaf.  XX. 


Cooper's  SUmdard  AbutmenU. — Tbe  abutment  in  (a).  Fig.  3,  is  from  Cooper's  "  General 
Specifications  for  Foundations  and  Substructures  of  Highway  and  Electric  Railway  Bridges." 
The  length  /,  and  the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  as 
given,  and  are  proportional  for  intermediate  spans.  These  abutments  may  be  made  of  either 
fint-class  stone  masonry  or  first-dass  Portland  cement  concrete. 


f—l-i  -iJ*K- 


Dii^NSio^s  OF  Masonry  Abut/^nts 
WITH  W1H6  Walls 


Distance,  a 

SpBn,Ft»t 

imgih,  I. 

/'«' 

SO 

w*4'0' 

2'S' 

100 

•rtS'.O' 

I'O' 

ISO 

ntS'3' 

i'4' 

!00 

^te'e- 

s'e" 

ISO 

WJ'O' 

IV  t  c0nttr  to  center  of  trusses, 
14  ft  ■  for  single  trscA,  ZS  ft'  for 
doable  track- 


fa)  H16HWAY  Abutmbnt  with  iVms  IValls 


\rr 


rormaspmMa\^ 

"I ■'^7Sn.-*\a*^^6rade        APPROXIMATE (HlAHTITlSS  IN  Cu-  Yds- 


3 


Aionypeih/ mm/mum 
a-mff.5pc^^     ^a-7Sff.5pan     ^'^"f-^-'f^- 

(i>)  HiSHWAY  Abutment  without  Wing  Walls 


CF  ONE  Masonry  Abutment 
without  Wins  Walls 


Sp„ 
Feet 

DVllfi1M)>,lm&adi\ 

oodxfBy 

w 

IS' 

2(f 

2S' 

50' 

WO 
300 

llfnt 

ZOfnt 

C,5i^l,T- 

E^OtnthT- 

IB  Feet 

ZOFeet 

F,Sh/leT- 

E.OenUeJ- 

20 
2S 
21 
M 
22 
51 
2B 
45 

S9 
S6 
44 
72 
4S 
63 
50 
64 

ST 
35 

rs 

120 
77 

106 
15 

141 

m 

145 
112 

m 
lis 

161 
I2S 
210 

145 
206 
ISO 
2S0 
165 
22? 
IBI 
216 
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Masonry  Abutments  for  Electric  Railway  and  Highway  Bbidgbs. 
Cooper's  Standards. 


For  double  track  electric  railway  bridges  add  one  foot  to  the  value  of  a  in  Fig.  3.  The  mini- 
mum thickness  o(  the  wall  at  any  point  is  to  be  0.4  of  the  height.  The  length  of  the  wing  walls 
will  be  determined  by  local  conditions. 

The  abutment  without  wing  walls  in  (J),  Fig.  3,  has  the  same  dimensions  as  the  abutment 
with  wing  walls.  The  width  for  single  tract  electric  railways  may  be  taken  as  14  ft.,  double  track 
a6  ft.     The  approximate  cubical  quantities  in  abutments  without  wing  walls  are  given  in  Fig.  3. 

Hichigan  Highway  Commissioii. — Standard  plans  for  plain  concrete  abutments  as  prepared 
by  the  Michigan  Highway  Commission  are  given  in  Fig.  4.  The  concrete  is  to  be  1-3-6  mix 
with  a  gravel,  hard  limestone  or  hard   sandstone  aggregate.     Foundations  are  to  be  well   below 
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Fig.  4.    Standakd  Masoiiky  Abutments  for  Steel  Highway  Spans. 
Michigan  Highway  CotuassioN. 


Fig.  j.    Reinpoecbd  Concbete  Highway  Bridge  Abutments.    . 

Michigan  Highway  Commission.  /  -       -,,[-, 
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scour  with  a  miDimum  or  3  feet,  if  above  water.     Where  (Hies  are  necessary,  they  are  to  be  drives 
not  less  than  10  ft.  deep. 

Plans  for  reinforced  concrete  abutments  designed  by  the  Michigan  Highway  CommuBoa 
are  given  in  Fig.  5.  These  abutments  are  deagned  for  an  i8-ft.  roadway,  and  a  height  of  30  feet. 
The  concrete  is  to  be  1-3-4  "ux-  1^^  two  abutments  contain  too  cu.  yd.  concrete  and  16,000  lb. 
reinforcing  steel.    The  wings  and  the  body  of  the  abutment  are  deigned  to  act  tt^ether  as  a 


Front  fict  J>tm/in:/nf  Bxk  f^  Reinfardnf 


■mrjoH    ftAM 


Fig.  6.    Reinforced  Concbete  Highwav  Bhdoe  ABtmiENTs.     Iowa  Highway  Coumissioh. 

unit.  The  fill  is  drained  through  the  abutment  by  means  of  seven  one-inch  drains  in  each  abnl- 
ment.  The  Commission  has  prepared  plans  for  abutments  for  l6-ft.  and  l8-ft.  roadways,  for 
heights  of  10  ft.  to  ao  ft.,  varying  by  one  foot. 

Iowa  Kghway  Commiuioii. — Reinforced  concrete  abutments  for  a  so-ft.  span  steel  highway 
bridge  are  given  in  Fig.  6;  and  reinforced  concrete  abutments  for  an  8o-ft.  span  steel  bridge  ore 
given  in  Fig.  7.  These  abutments  were  designed  by  the  Iowa  Highway  Commission.  The  wings 
make  an  angle  of  45  degrees  with  the  face  of  the  abutment,  and  are  tied  to  the  body  of  the  abutmem 
by  means  of  reinforcement.  The  width  of  base  is  taken  equal  to  one-third  the  total  height  ol 
the  abutment.    Piles  are  to  be  driven,  where  needed,  in  the  manner  indicated  in  the  drawings. 

nUnois  Highway  Conunisrion. — Details  of  reinforced  concrete  abutments  for  a  concrete  girder 
span  are  shown  in  Fig.  8.  The  abutments  are  of  the  slab  type  and  are  dengned  to  act  as  a  unit. 
The  wings  are  designed  to  act  as  cantilever  walls,  and  are  also  tied  to  the  body  of  the  abutment. 
The  concrete  girders  are  supported  at  one  end  on  expanuon  rockers  placed  in  a  recess  in  the  top 
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oF  the  abutment  a9  shown  on  the  drawings.     The  winga  are  shown  as  making  an  angle  0(45  degreei 
with  the  face  of  the  abutment- 
Details  of  a  U-abutment  are  shown  in  Pig.  9.     The  wings  a 
which  are  protected  by  imbedding  in  concrete.     A  view 
ment  is  shown  in  Fig.  i,  Chapter  XVll. 


tied  together  with  steel  bars 
slab  bridge  with  a  U-abut- 


6.M 

£-2i.'J^..%^ 

t 

4-I-. 

I 

S£i:TrDff 

!/•  Iters 

Wr 

dOFT.SrmHamyBmi: 

CsKnti  Fleer  X  MutfneMi 

km  Hmm  Cemt^m . 

Fig.  7.     Reinfobced  Conckete  Highway  Bridge  Abutmewts.     Iowa  Higbwav  Couuission. 


Pedettal  Abutment. — Details  of  a  pedestal  abutment  used  for  a  150-ft.  span  steel  highway 
bridge  over  the  New  York  Barge  Canal  are  shown  in  Fig.  10.  The  abutment  condsts  of  a  forward 
pier  with  two  pedestals  resting  on  the  body  of  the  pier,  and  having  a  connecting  wall  to  prevent 
the  lilt  from  sliding  into  the  canal,  and  two  rear  columns. 

The  tops  of  the  pier  and  the  columns  are  connected  by  means  o!  transverse  beams  which 
carry  the  concrete  floor  slab.  This  abutment  is  very  economical  and  in  addition  gives  an  increased 
waterway  for  flood  flow. 

Cooper's  Standard  Masonry  Pien. — The  masonry  faer  in  Pig.  it  is  from  Cooper's  "General 
Sped5cations  for  Substructures  of  Highway  and  Electric  Railway  Bridges."  The  length,  /,  and 
the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  given  in  Fig.  11.  These 
piers  may  be  made  of  either  first -class  stone  masanr>',  or  hrst-class  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  I,  and  6  inches  to  a.  The  width 
t0  —  center  to  center  of  trusses,  and  may  ordinarily  be  taken  14  ft.  for  single  track,  and  36  ft. 
for  double  track  through  bridges.  Where  drift  and  logs  are  liable  to  injure  the  pier  the  nose  of  the 
cut-water  should  be  protected  with  a  steel  angle  or  plate.  The  approximate  cubical  contents  of  the 
piers  are  given  in  Fig.  11. 
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Fio.  8.    Standabd  Abutments  for  a  Concrete  Girder  Bridge. 
Ilunois  Highway  Couuission. 


umnvRNM.  wcnOH  A-A. 


U-Abutheht.    Illinois  Hichwav  Couuission, 
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Michigin  State  Hi^wa;  Commiraion.  Masonry  Pi«n. — Detaib  of  staadard  masonry  piers 
IS  designed  by  Micliigan  State  Higliway  Commisaion  are  given  in  Fig.  12.  Quantities  of  concrete 
IB  shown  in  the  cut. 


i»r.- 


tWrti 


k i37'- 1 

Half     tnn*    EI*vot<'on 

Fig.  10.    Details  of  a  Pedestal  Abutment  qit  Basce  Canal. 
(Engineering  News,  August  i8,  1910.) 

Iowa  W^wj  Commiaalon.  Hasotuy  Piers.— Details  of  standard  masonry  piers  designed 
by  the  Iowa  Highway  CommiBmon  are  shown  in  Fig.  13.  The  upstream  end  of  the  pier  is  pro- 
vided with  a  cut-water  protected  by  an  8  in.  by  8  in.  angle.  The  bridge  seat  of  the  pier  ia  re- 
inforced with  steel  bars.  The  widths  and  lengths  of  pier  for  different  conditions  are  given  in  the 
cut.     A  typical  piling'plan  is  also  shown. 

PedetttI  Piers. — A  reinforced  concrete  pedestal  pier  deugned  by  the  Minnesota  Highway 
CominisMOn  is  shown  in  Fig.  14.  This  pier  was  deagned  to  carry  a  steel  beam  highway  bridge. 
Details  of  the  pier  are  shown  in  the  ci 
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Details  ol  a  concrete  pedestal  pier  deigned  by  the  Illinois  Highway  Commission  are  shown  in 
Fig.  15.  This  pier  was  designed  to  support  one  end  of  the  234-ft.  Eteel  span  and  one  end  of  a 
45'tt.  span  reinforced  concrete  through  girder  In  the  Vermillion  Bridge.  A  view  of  this  bridge 
ahawing  the  piers  is  given  in  Fig.  4,  Chapter  XVII.  Details  of  the  expansion  joint  in  the  floor 
between  the  two  spans  are  shown  in  the  cut. 
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Fig.  13.    Standard  Masonry  Piers.     Michigan  State  Highway  Couuission. 


STEEL  TUBULAR  PIERS.— Steel  tubular  piers  are  made  of  steel  plates  riveted  together 
and  filled  with  concrete.  Where  the  piers  are  founded  in  soft  material,  piles  are  driven  in  the 
bottom  of  the  tube,  the  piles  being  sawed  off  below  the  water  line.  The  piles  should  extend  at 
least  two  diameters  of  the  tube  above  the  bottom.  The  tubes  are  braced  transversely  by  means 
of  struts  and  tension  diagonals  above  high  water,  and  by  diaphragm  bracing  below  high  water. 
Where  the  piers  will  be  subject  to  blows  from  floating  drift  or  logs,  they  should  be  protected  by  a 
timber  crib-work  or  other  device. 


Cooper's  Standarda.— The  tubular  [uera  in  Fig.  16  are  from  Cooper's  "  General 
tions  for  Foundations  and  Substructures  for  Highway  and  Electric  Railway  Bridges.' 
specifies  a  minimum  thickness  of  1  in,  for  plates  below  and  \  in.  above  the  high  water, 
mum  nzes  of  tubular  piers  are  as  given  in  Fig.  16. 

A  steel  tubular  pier  with  a  timber  crib  protection  is  ^ven  in  Fig.  16.  The  crib  is 
looae  rock. 

A  steel  oblong  pier,  as  designed  by  Cooper,  is  given  in  Fig.  17.  The  center  of  the 
come  d/3  -(-  one  foot  from  the  end  of  the  pier.  The  width  a,  as  specified  by  Cooper,  i 
Fig.  17. 


Specifica- 


n  Bridge  Compaaj  Standard*. — The  American  Bridge  Company's  standard  tubular 
piers  are  ahown  in  Fig.  18.  The  min'mum  diameters  for  a  height  of  15  feet  to  carry  a  angle  span 
and  data  on  piers,  pier  beams  and  pier  bracing  are  given  in  Fig.  18.  In  calculating  the  weight 
of  a  pier  add  one  foot  to  the  length  of  each  tube.  The  weight  of  the  concrete  in  two  tubes  is 
given  in  Fig.  18.  The  concrete  is  assumed  to  fill  the  tube  and  the  space  occupied  by  the  piles 
should  be  deducted.    The  number  of  piles  required  for  different  diameters  of  tubes  is  given. 
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The  number  o[  piles  required  for  lai^  tubes  agrees  quite  closely  with  Cooper's  Specifications,  but 
the  number  for  amall  tubes  is  very  much  less. 
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Fig.  13.    Standard  Masonry  Piers.     Iowa  Highway  Couuission. 


Pier  Beams. — The  size  of  [uer  beams  required  for  different  panel  lengths  and  clear  distance 
between  tubes  in  feet,  are  given  in  Fig.  18.  The  pier  beam  should  be  assumed  as  one  foot  longer 
than  the  clear  distance  between  the  tubes,  in  calculating  the  weight  of  the  beams. 

Pier  Bracing. — ^The  pier  bracing  lor  piers  supporting  the  ends  of  two  spans  are  given  in  Fig.  18. 
If  the  spans  are  unequal  in  length,  enter  the  table  with  one-half  of  the  algebraic  sum  of  the  spans. 
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Fig.  14.    Concrete  Pedestal  Pier.    Minnesota  Highway  Cohuission. 
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Fig.  15.     Concrete  Pedestal  Pier,  Vekuillion  Bridge. 
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For  example,  for  a  |Her  carrying  a  75-ft.  and  a  I3s-ft.  span,  enter  the  diagram  with  a  span  of  100  ft. 
Steel  tubular  piers  should  never  be  used  far  end  abutments  carrying  a  fill. 

In  calculating  the  weight  of  the  diagonal  bars  the  length  of  the  bar  should  be  multiplied  by 
the  weight  per  foot  as  obtained  from  a  handbook,  and  the  details  for  one  bar  added  to  the  product. 
In  calculating  the  weight  of  the  struts  add  one  foot  to  the  clear  length. 


(sj  Steel  Tvbular  Piers 


^y^         I         Wi  ml  HTitfTt^ 

h)  Cr<&  Construction  for 
Steel  Tubular  Piers 


Minimum  Sizes  of  Steel   Tubular  Piers,  Cooper's  Standards 


Span 
Feet: 

Highway  S  Singh  Trsck  Electric 

Double  TrecM  Electric  ^giltvsy 

Minimum 
Top,d 

Oinmeter 
Sot-  D- 

Number  oF 
Piles 

Minimum 
Topd 

Diameter 
Sot  D 

Number  oF 
Pile, 

SO 
7S 
100 

ns 

ISO 

ns 

200 
2S0 

Z'lO" 
i'4- 
i't' 
4'0' 
4'4' 
4'S' 
S'O" 

s'e' 

S'4" 
}'9" 
4'Z" 
4'  7" 
S'O' 
S'6" 
S'lO' 

e'f 

4 
5 
S 

e 
3 
10 
II 

12 

i'4' 
i'lO" 
4'6" 
4'I0" 
S'2" 
S'6" 
S'lO" 

e'a" 

4'4- 
S'O" 
I'O" 

TO" 
7'(" 
S'O" 
S'O" 

e 

10 
10 
12 
12 
IS 
IS 
IS 

Pitr  Caps. — Tubular  piers  may  be  capped  with  steel  plate  caps,  may  be  finished  with  con- 
crete, or  may  have  a  stone  pedestal  block.  The  weights  given  in  Fi^.  iS  do  not  include  the 
weights  of  steel  caps. 

Spedflcations  for  Steel  Tubular  Piers  for  Highway  and  Kectric  Railway  Bridgec. — The 
plates  for  the  tubes  shall  be  not  less  than  {  in.  thick  for  tubes  up  to  30  in.  diameter,  not  less  than 
A  in.  for  tubes  from  30  to  48  in.  in  diameter,  and  not  less  than  |  in.  for  tubes  from  48  to  73  in. 
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in  diameter.  Where  the  platea  are  in  contact  with  the  soil  the  thickness  shall  be  increased  at 
least  A  '"■  P*""  A-'n-  plate  and  less  use  j-in.  rivets;  for  l-in.  plate  and  over  use  J-in,  rivets. 
The  horizontal  seams  shall  be  single  lap  joints  riveted  with  a  pitch  of  4  diameters  of  rivet, 
while  the  vertical  seams  shall  preferrably  be  butt  riveted  with  single  riveting  spaced  4  diameters 
of  rivet,  up  to  48  in.  diameter  of  tubes,  and  double  riveting  with  3'in.  spacing  for  tubes  of  larger 
diameter. 


Maitr  ^gX 


^  m- 


III 


OiLONS  Steel  Piers 


Minimum  Sizes  of  Steel  Ouons  Piers 
Cooper's  Standards 


Span 

h 
Fttt 

Width  a 

Highivsymd  Qouhle  Trsck 
Single  Tracit     Electric 
eitctnc^aiimy    Rsilivay 

50 
7S 

mo 

IIB 
ISO 
175 
ZOO 
250 

I'lO" 

i'S' 
4'0" 
4'4" 
4'S' 
5'0" 

s'e" 

3'4" 
4'0' 
4' 6" 
4'iO" 

ir- 

5'I0' 
6'f 

The  bracing  between  cylinders  shall  be  a  solid  web  below  high  water  level.  Above  h^h 
water  level  the  bracing  may  consist  of  struts  and  diagonal  rods.  The  diagonal  rods  in  open 
bracing  shall  be  inclined  at  an  angle  with  the  vertical  of  not  less  than  45  degrees.  The  rods 
shall  be  up«et  and  be  provided  with  tum-bucleles.  The  bracing  shall  be  made  sufficiently 
strong  to  maintain  the  cylinders  in  an  upright  positbn  when  acted  upon  by  the  prescribed 
lateral  wind  loads  without  assistance  of  piles. 

Piers  30  in.  or  less  in  diameter  shall  have  one  pile,  and  one  additional  pile  shall  be  added 
for  each  increase  of  six  (6)  inches  in  diameter  of  cylinder,  A  cylinder  7a  in.  in  diameter  will 
then  have  eight  (8)  piles. 

The  materials  and  workmanship  shall  comply  with  the  specifications  for  the  highway  bridge 
superstructure. 

ErecUon. — Where  the  bottom  will  permit,  the  tubes  shall  be  sunk  welt  below  possible  scour 
by  loading  the  tube,  and  excavating  the  material  from  the  inside.  For  this  purpose  a  clamshell 
bucket  is  very  effective.  Driving  the  tube  with  a  jale  driver  will  cut  oil  the  rivets  in  the  horizontal 
aeams  and  will  not  be  permitted.  After  the  tube  is  sunk,  piles  are  to  be  driven  inside  of  the  steel 
shell,  as  closely  together  as  possible,  using  care  to  get  no  pile  nearer  than  4  to  6  in.  to  the  steel 
shell.  The  piles  shall  be  driven  to  a  good  refusal,  and  the  tops  sawed  off  below  the  low  water 
mark  and  reaching  at  least  2  diameters  of  the  tube  above  the  bottom.  The  space  inside  the  tubes 
shall  then  be  filled  with  concrete  well  tamped.  Concrete  shall  not  be  depoated  in  running  water 
if  possible  to  prevent  it. 
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Steel  Tubular  Pikrs  for  Highway  Bridges.    Aubrican  Bridge  Company. 
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Where  piers  are  founded  on  rock,  the  tubes  are  to  be  anchored  to  the  rock  and  then  filled  with 
r  cribs  may  be  sunk  od  the  rock  and  the  tube  set  in  a  pocket  in  the  crib  and  resting 
the  rock.  The  space  out»de  the  tube  is  then  filled  with  concrete  and  the  tube  is  lilted  with 
the  usual  manner. 


Ftor*  D««QHon 


3^ 


y 


•Ttop  of  Pl«r  BoHoffi  of  Pl^  showing  W* 

Fig.  19.    Steel  Tubular  Piers,  Trail,     B.  C. 

Cylinder  Kers  (or  Hijihwrny  Bridge,  TnUi  B.  C.*— Steel  cylinder  piere,  Fig.  ig,  were  used 
for  a  steel  highway  bridge  designed  by  Waddell  and  Harrington,  consulting  engineers,  and  built 
across  the  Columbia  River  at  Trail,  B.  C.  The  niain  spans  are  172  ft.  8  in.  long  and  are  carried 
on  piers  made  of  two  steel  cylinders  filled  with  concrete.     The  steel  cylinders  are  9  ft.  in  diameter 


*  Engiiteering  News,  Dec.  S>  19I3. 
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at  the  bottom  and  6  ft.  in  diameter  at  the  top,  and  are  86  (t.  long.  The  cylinders  are  made  of 
plates  )  in.  thick  and  are  connected  by  a  double  ptate  web  diaphragm,  each  diaphragm  made 
of  -ffiD.  plates  spaced  34  in.  apart  and  zs  ft.  high,  and  reaching  from  below  low  water  to  above 
high  water.  The  diaphragms  were  covered  and  filled  with  concrete.  The  cylinders  are  apttxd 
31  ft.  centers.    The  piers  were  sunk  by  the  pneumatic  process. 
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Iowa  Highway 


Timber  Abutment— The  details  of  a  timber  abutment  for  steel  low  truss  highway  bridges, 
as  designed  by  the  Iowa  Highway  Commission  are  shown  in  Fig.  20.  This  abutment  b  to  he 
used  for  steel  low  truss  bridges  with  timber  floor  with  spans  of  35  ft,  to  65  ft.  This  abutment  t» 
especially  suited  to  crossings  of  drainage  ditches  where  it  is  difficult  to  get  satisfactory  foundatioa* 
for  masonry  abutments. 

Sped  heat  ions  for  abutments  and  piers  are  given  in  Appendix  II. 

Reference. — For  details  of  abutments  and  piers  for  railway  bridges,  see  the  autbor^ 
"  Structural  Engineers'  Handbook." 
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CHAPTER  XXI. 
Design  of  Reinforced  Concrete  Bridges. 

IntrodnctioiL — The  de»gn  of  slab  and  ^rder  bridges  will  be  discussed  in  this  chapter.  Tbe 
designof  culverts  will  be  considered  in  Chapter  XXII,  and  the  design  of  arches  in  Chapter  XXIII. 

SLAB  BRIDGES. — The  diEtribution  of  concentrated  loads  on  reinforced  concrete  slabs  has 
been  considered  in  Chapter  IX,  The  floor  of  a  slab  bridge  is  designed  as  any  simply  supported 
slab  for  a  span  length  equal  to  the  span  length  of  the  bridge.  Shear  in  the  slab  should  be  investi- 
gated and  stirrups  and  bent-up  bars  should  be  provided  where  necessary.  Both  the  straight 
longitudinal  and  bent-up  bars  should  be  hooked  at  the  ends.  The  slab  bridge  has  the  advantage 
that  it  is  simile  in  design,  and  requires  less  material  and  labor  in  building  the  forms  and  less  labor 
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Fig.  I.     Reinforced  Concrete  Slab  Bridge. 
Wisconsin  Hicbwav  Couhission. 

in  placing  the  reinforcement  than  any  other  type  of  concrete  bridge.  It  also  admits  of  widening 
the  roadway  without  impairing  the  strength  of  the  existing  structure.  It  has  the  disadvantage 
that  it  is  not  economical  of  materials  for  spans  of  more  than  about  30  ft.  Details  of  a  reinforced 
concrete  slab  bridge  having  a  l6-ft.  span  and  a  20-ft.  roadway  are  shown  in  Fig.  i.  This  bridge 
was  designed  to  carry  a  15-ton  road  roller.  This  bridge  is  designed  to  be  carried  on  independent 
abutments.  Quantities  of  concrete  and  steel  in  standard  slab  bridges  designed  by  the  Wiscon»n 
Highway  Commission  are  given  in  Table  I. 
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TABLE  I. 
jmriEs  OF  CoNCRETB  and  Steel  im  Rsinfobcrd  Slab  Bridges. 
Wisconsin  Highway  Cohuission. 


^r 

16-Fl.  Roadway.           |          iS-Fl.  Rovlny. 

so-Fi.  Kudny.          j       14-Ft.  Roadwiy.          1 

Lb,  S.«l. 

Ca.  Yd. 

Lb.  Swd. 

Cu.Yd. 

Lb.5i«L 

Co.  Yd. 
Caaotu. 

U.Swel. 

C«.  Yd. 

6 
S 

18 

480 
700 

930 

iiii 

1,180 
2,710 
3,180 
4..90 

5-7 
7.7 

15-8 
19.J 

22.7 
27.0 
31.2 
37-8 

5S 

i^oio 

2/)60 

3,610 
4,610 

6.1 

1^^ 
13.6 
i7/> 

20.8 
24.S 
19.4. 
34-9 
41.2 

1,090 
1.430 
i,Slo 

2,230 
2,640 
3,i«> 
3.9SO 
5.040 

IS 

s: 

3 '-7 
37-9 

660 
960 
1.290 
1,700 

1,130 
2,600 

3J8O 

4,6jo 
5,890 

7.1 

^ll 

164 
20.S 
iS-4 
29.9 
36.1 
43 '3 
io.9 

Details  of  a  reinforced  concrete  slab  bridge  resting  on  reinforced  concrete  abutments  are  shown 
in  Fig.  3.  The  slab  is  designed  to  support  the  tops  of  the  abutments  and  to  take  the  thrust  of  the 
filling.  As  the  bridge  is  designed  it  will  act  as  a  simple  span  resting  on  the  tops  of  the  abutments. 
The  Wisconsin  Highway  Commis^on  has  prepared  standard  plans  for  this  type  of  bridge  for  spans 
of  S  ft.  to  34  ft.,  and  for  roadways  of  16  ft.,  18  ft.,  30  ft.,  and  34  ft.  Data  on  spans  with  20-ft. 
and  34-ft.  roadways  are  given  in  Table  II. 

TABLE  II. 

Data  on  Concrete  Slab  Bridges  on  Reinforced  Concrete  Abittubnts. 

Wisconsin  Highway  Commission. 


JO- Ft.  Roidwsy. 

J4-F1.  Roulwiy.                                     1 

^r- 

sSrVn 

Thick- 

Con™w.Co.  Yd.  ■__ 

^■ 

Slub,  In. 

s£b?ln. 

Concra..  Cu.  Yd. 

SlXl=. 

Spu.. 

Abul- 

ii(  St«l 

s-.   Si. 

'■'S.-'- 

16 

S 
lOi 

13 

>7 

>5 

8.S 
14.6 
12.4 
37-9 

S4-3 

1,910 

2,710 
3.S40 
5,370 

6 
14 
24 

7 

Is) 
19 

18 

7-1    1    30- ' 
20.B    1    4S.S 

50.9    1    60.1 

I.S90 
3.S60 

Abutment  slab  5  ft.  above  footlne  in  6-ft.  span,  6  ft.  above  footing  in  8-ft.  »pan  and  7  ft.  above 
footing  in  other  spans.     For  details  of  a  bridge  with  ]6-ft.  span  and  20-ft.  roadway,  see  Fig.  2.              1 

Details  of  a  standard  concrete  slab  bridge  designed  by  the  Iowa  Highway  Commisdon  are 
given  in  Fig.  3.  These  bridges  are  designed  with  an  i8-ft.  roadway,  and  with  spans  of  14  ft.  to 
24  ft.  Data  for  the  design  and  quantities  of  concrete  and  steel  are  given  in  Fig.  3.  Three  layers 
of  tar  paper  are  put  between  the  slab  and  the  abutment  to  make  an  expansion  joint. 

Standard  reinforced  concrete  bridges  of  the  Iowa  Highway  Commisnon  are  designed  for  a 
15-ton  traction  engine  with  two-thirds  of  total  load  on  rear  axle,  or  100  lb,  per  sq.  ft.  of  roadway 
and  sidewalks.  E^ch  rear  wheel  is  assumed  as  distributed  6  ft,  transversely  and  5  ft.  longitudi- 
nally. For  thin  slabs  on  girders  the  same  wheel  load  is  assumed  as  distributed  4  ft.  transversely 
and  4  ft.  longitudinally.  Allowable  stresses  in  lb.  per  sq.  in.  are:  compression  in  concrete,  600: 
•hear  in  concrete,  100  {as  a  measure  of  diagonal  tension) ;  tension  in  steel  l6,000. 

For  design  of  a  slab  bridge  sec  Fig.  19. 

Data  for  floor  slabs  designed  by  the  Ohio  State  Highway  Department  arc  given  in  Table  III. 
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REINFORCED  CONCRETE  T-BEAM    BRIDGES. 

TABLE   III. 

Thickness  of  Concrbte  Flcok  Slabs,  Used  with  Joists. 

Ohio  State  Higbway  Dbpabtment. 


^r 

WtLgb.  of  Cooc«t™Kd  L»d.                                                                    1 

«>-r™  Tnick. 

ij-ToB  Track. 

■D-Ton  Truck.                 I 

Rd-tfordog. 

"'£-■ 

RtInr«ciiiK. 

Rdnfor 

dnc. 

.,...---- 

Sp^.... 

^in^' 

Sp.di.K,  1b. 

... 

Sq.B«. 

Sp.d... 

7l 

1' 

61 

7 

S 

6i 

s 

4 

1 

1 

7 
6 
6 

S 

5 
7 

7 

6 

7 
S 
9 

6 
81 

S 
7 
6 

i 

8 
81 

1. 

1! 

7 

8 

8i 

1 

i 

18 

9i 
10 

1 

Si 

"3 

6 
S 

i 

13 
14 

6 

Floor  covering  65  lb.  per  sq.  ft.     Reinforcement  lower  eide.     Center  of  rcinforcins  i  in.  from 
face  of  slab.     Impact  l6f  per  cent.     Allowable  tension  in  steel  l6,000  lb.  per  iq.  in.     Compression 
in  concrete  750  lb.  per  iq.  in. 

T-BEAM  BRIDGES. — Details  of  a  reinforced  concrete  T-beam  bridge  with  a  30-ft,  span, 
as  designed  by  the  Ohio  State  Highway  Department  are  given  in  Fig.  4,  Data  are  given  for  l6-ft. 
and  30-ft.  roadways.     Tar  felt  is  used  for  expansion  joints. 

Details  of  a  reinforced  concrete  T-beam  bridge,  with  38-ft.  span  and  l8-ft.  roadway  as  de- 
signed by  the  Michigan  State  Highway  Department  are  given  in  Fig.  5.  This  bridge  is  designed 
to  carry  an  18-ton  road-roller. 

Data  and  quantities  for  reinforced  concrete  T-beam  bridges  designed  by  the  Massachusetts 
Highway  Commission  arc  given  in  Table  IV. 

The  bridges  were  designed  for  a  30-ton  motor  truck  with  axles  spaced  12  ft.  and  6-ft.  gage, 
with  14  tons  on  rear  axle  and  6  tons  on  front  axle,  and  uniform  load  of  100  lb.  per  sq.  ft.  Bridges 
have  a  clear  roadway  of  33'  6"  and  a  distance  out  to  out  of  27'  8",  with  allowable  stresses  as  given 
in  Report  Joint  Committee,  Am.  Soc.  C.  E.,  1913.  Stirrups  )  in.  sq.  spaced  6  in.  to  S  in.  in  end 
quarters,  and  la  in.  to  18  in.  in  middle  half  were  used  in  beams  lo-ft.  to  aS-ft.  span;  stirrups  1  in. 
eq.  spaced  8  in.  to  10  in.  in  end  quarters;  and  16  in.  to  24  in.  in  middle  half  in  beams  ot  34-ft.  to 
40-ft.  span.  One-half  of  horizontal  bars,  or  one-half  of  number  of  horizontal  bars  less  one,  are 
bent-up,  not  more  than  two  bars  being  bent  up  at  one  place.  Points  of  bending  up  are  about 
one-eighth  of  span  apart.  Bent-up  lonptudinal  bars  are  anchored  at  the  ends  of  the  beams  by 
means  of  hooks  bent  through  1S0  degrees. 

Details  of  standard  reinforced  concrete  T-bcam  bridges  deigned  by  U.  S.  Bureau  of  Public 
Roads  arc  given  in  Fig.  6  and  Fig.  7.  The  plans  in  Fig,  6  are  for  spans  from  16  ft.  to  26  f[.,  in- 
clusive, and  a  zo-ft.  roadway:  while  plans  in  Fig.  7  are  for  spans  from  28  ft.  to  40  ft.,  inclu- 
sive, and  a  lo-ft.  roadway.  Dimensions,  data  and  quantities  for  the  different  spans  are  given  in 
detail.    These  girder  bridges  are  designed  for  a  15-ton  truck,  with  axles  spaced  10  ft.  centers,  and 
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wheels  spaced  6  (t.  centers.  Two-thirds  of  the  total  load 
allowance  of  30  per  cent  is  provided  for.  Concrete  is  i 
maximum.  Allowable  tension  in  steel  reinforcement,  16, 
sion  in  concrete,  650  lb.  per  sq.  in.;  allowable  ^lear  on 


carried  on  the  rear  aMle.  An  impact 
:  3  :  4  mixture  with  agregate  i  j  in. 
»  lb.  per  Bq.  in.;  allowable   compres- 


TABLE   IVa. 
Quantities  in  Concrbtb  Deck  Gikder  Hicbwav  Bridges.    U.  S.  Bureau  of  Pubuc  Roads. 


Sp«..  Ft. 

.6-Fl.  R 

«d«y. 

iB-Fl.  R«iii«)i. 

«.Fl.  R 

»dw.y. 

^.Fi.  R 

-d».,. 

Co.  Yd.' 

^•^'"^ 

""sr^: 

S»d.  Lb. 

Cn.  Yd. 

ShcI.  Lb. 

^™. 

St«l,  Lb. 

16 

\tl 

2,810 

'SJ 

3,160 

.6-5 

3.510 

19.1 

3,980 

17-7 

3.5» 

19.0 

17.8 

1.770 

19.3 

4.330 

4.760 

14.1 

S.470 

11 

4,100 

4.690 

ij.j 

S.'40 

19.6 

S.930 

5.710 

^•J^ 

7,iio 

lj.g 

S,a6o 

1S7 

6.140 

JI4 

7,770 

8,940 
9.S80 

30 

3».6 

6,a6o 

7.570 

J6.9 

7.980 

S:i 

34.6 

j8.i 

8.S00 

10.240 

\i 

38.J 

4^-S 

B,s8o 

435 

10,180 

S3-0 

10,850 

10,300 

47-9 

10,770 

S6.6 

13,040 

9,070 

S0.1 

10,910 

11,410 

40 

S0.8 

9.S40 

SS-o 

II,S20 

57-8 

11,030 

14,600 

TABLE  IV. 

Data  Atn>  QoAMTrnES,  por  Reinforced  Concrete  T-Beau  Bridges. 

Massachusetts  Highway  Couuission. 


Roadway  33  ft.  6  in 

Dengned  for 

20-t 

on  Motor  Truck. 

•T' 

Sbb.iii. 

T.B-«, 

sK".'.. 

,^.,. 

Kc. 

SUc. 

Si«. 

Sp«tog. 

10 

8 

44 

•3 

ID 

5 

3 

i" 

« 

6" 

11-3 

1.642 

i4f 

3 

3.610 

•9 

8 

10* 

10 

" 

" 

6" 

1J.0 

*5 

7 

44 
SI 

>3 

II 

5 
S 

S 
5 

- 

" 

6" 

3*-i 
33-0 

5.77* 
6.  "75 

7 

53 

17 

5 

i 

39-S 

6,993 

7 

1 

,1.8 

10,760 

64 

^^.8 

II,lZO 

40 

64 

37 

14 

7 

6g.K 

15.875 

•18 

7 

•14 

S7-8 

•40 

" 

64 

31 

17 

7 

" 

I*" 

" 

73.1 

I7.58» 

*  special  Bridget. 

The  U.  S.  Bureau  of  Public  Roadt  has  also  prepared  standard  plans  for  the  same  spans  with 
i6-ft.  roadway,  i8-ft.  roadway,  and  34-(t.  roadway.  Quantities  of  concrete  and  reinforcing 
steel  in  concrete  deck  girdeiB  with  16-h.,  18-ft.,  20-ft.,  and  24-ft.  roadway  are  given  in 
Table  iVa.  Deck  concrete  girders  with  i6-ft.  roadway  have  4  beams,  with  i8-ft.  and  ao-ft. 
roadway  have  5  beams,  with  34-lt.  roadway  have  6  beams. 
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The  T-beam  bridge  contains  less  material  than  the  slab  bridge  and  is  eapecially  adapted  to 
spans  of  from  20  ft.  to  35  ft.  The  T-beam  bridge  has  the  added  advantage  that  the  roadway  can 
be  widened.     It  has  the  disadvantage  that  the  cost  of  construction  is  more  than  for  a  slab  bridge. 

For  the  design  of  a  reinforced  concrete  T-beam  bridge,  see  Fig.  zz. 

DECK  GIRDERS.— Details  of  standard  reinforced  concrete  deck  girder  bridges  as  deigned 
by  the  Iowa  Highway  Commission  are  given  in  Fig.  8.  Data  and  quantities  [or  bridges  with 
spans  of  24  ft.  to  40  ft.  and  an  i8-ft.  roadway  are  given  in  the  cut.  The  bridge  is  anchored  to  the 
abutment  at  one  end  and  slides  on  steel  plates  at  the  other  end. 

The  relative  quantities  of  concrete  and  reinforcing  steel  in  deck  and  through  girder  bridges 
as  designed  by  the  Iowa  Highway  Commisaon  are  given  in  Table  V. 

TABLE  V. 

Comparative  Quantitiks  for  Throuch-Girdek  and  Deck-Girder  Bridges. 

Iowa  Highway  Couuission. 

Roadway  18  ft. 


Si»i>.  F«i. 

C«.  Vd.  C-cme.  , 

,.......-.          1 

ThroDgh.             1                 D«k. 

Throuch. 

Deck. 

33.S 

J7-S 
41.8 
46.S 
SJ-S 

& 

68.J 
74-3 

Hi 

30-9 

Hi 

SO-9 

4.S«> 
5.0J4 

6,6^ 

7,37a 
7,972 

e,s7o 
9,416 

4.06s 

till 
& 

6,945 
7,4SO 

8,130 

It: 

]i 

40 

TABLE  VI. 
OR  Throvgb-dbck  Girder  Brii>cbs. 

COtlMISSION. 

Designed  for  a  tj-ton  road  roller. 


Wisconsin  Highway 


fr 

R«^«„ 

D.p.hofSl.b, 

KslKr. 

W]d.hofB«».. 
Id. 

cTv"' 

R^^.,. 

10 

iS 

s 

IS 

IS 

III 

3.S80 

JO 

iS 

8 

11 

15 

31-8 

iS 

H 

+4-0 

45 

27 

S40 

12,460 

10 

M 

8} 

11 

18 

12  .D 

3,720 

Si 

6,250 

ao 

*7 

&", 

10,100 

4S 

%i 

30 

18 

12,460 

lO 

14 

S 

11 

18 

2S.0 

4.580 

30 

H 

390 

7,590 

.*.66o 

4S 

i* 

i7 

The  economy  of  the  decit  girder  type  is  not  as  great  as  indicated  by  the  relative  quantities 
of  concrete  and  steel  for  the  reason  that  the  form  work  is  more  complicated  for  the  deck  than 
for  the  through  girder  bridges. 

Details  of  a  reinforced  concrete  combined  deck  and  through  girder  bridge  with  a  span  of  35 
ft.  and  a  30-ft.  roadway,  as  designed  by  the  Wisconsin  Highway  Commis^on  are  given  in  Fig.  g. 
Data  and  quantities  for  through-deck  girder  bridges  as  designed    by  the  Wisconsin  Highway 
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TABLE  Vn. 
Data  and  Quantities  fob  Through  Girder  Bridges. 
Wisconsin  Highwav  Coiiiussion. 


Sl»n,If<. 

Roulmr.  Ft. 

D.p.h«fa.b. 

fiSsKN-:. 

wjdihor 

Cirter.li.. 

cT.  Yd!' 

*S 

16 

"3 

U 

IS 

30.5 

4.S90 

JS 

13 

s»-s 

7.780 

40 

13 

71 

H 

9,700 

30 

iS 

■4 

iS 

4S.O 

6,860 

35 

18 

14 

(9 

S9-0 

9,160 

40 

18 

— 

9,700 

Cancrrft  Ik  te  C/in/4  f/'^A   ^VVMi/  111^0  A>  i* 
irrrM  /'  whtrt  thtmi.    ftinftirctmnf  tt  *t  «fiw« 
fwlsttd  cr  mnitd  Jtftrmtd  btrt,  l»/9*ii  K)  £im- 
wtwra  rt  3p»i99 .     Wrt  rtlnferctmtnt  wfth  Ho,  H 
anntM  nlrt,  tnJ  hM  In  pitcm  mtth  mrtMlh  kir  eMn. 

Irtnrnrst  flmr  ttit  iHtrtiiH  »t  4'etiiitn  .    fita 
bafltBdlntl  H  btrv  rf  M'cmitrs. 


Deck  ConatEm  Bums 


Reinforced  Concrete  Through-deck  Girder  Brhjce. 
Wisconsin  HicEinAY  Commission. 
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Commission  are  given  in  Table  VI.  This  type  of  bridge  is  very  economical  For  a  wide  roadway 
A  comparison  of  the  quantities  in  Table  VI  and  Table  VII  shows  that  the  through-deck  type  t-i 
girder  is  more  economical  than  the  through  girder  bridge. 


/liinfortsmtnf  A  ie  s^urt  frrisftd  or  apprmad 
de formed  bars,  Upptd  X  dismittrs  afjpSces. 
Wirt  ninfonemtnf  wifh  Ni>.W  amikd  mrt . 
Amngt  frvnmrat  fliw  itrs  hy  placing  frm 
D  bars  tdjtctnt  with  ends  retirjid,  -  thin 
fm  E  bars  adjacent  m'fh  ends  reyersedj  f 
fpacing.    ^jict  H ban  af  PB'etnfers.   Btvtl 
enpesed  edgts  af  eonatte  /"nihirt  shorn. 
Space  F  bars  jf  M'ctnitrs. 


Bill  of  Material 


Sat  li^  ^(kSiie  iMg^  Sir  th.  Siit  Un/fh 


ii''\m-\D  \X  J^  l^  A   /*  3^  ii-r 
■"  ■■"■  -  34  ii\^e-\li  \40\i''   s'-r 


dmk{l-M)  tKi(reU-d5a,.yd.      SttthTTSOK 


TkifOi^H  Concrete  Girder 
Wacenxn  H^ray  Cmiaissiim 


Fic.  10,     REiNroRCED  CoNCKETB  Throl'ch  Girder  Bkidce. 
Wisconsin  Highway  Couuission. 

THROUGH  GIRDER  BRIDGES.— Details  of  a  reinforced  concrete  through  girder  bridge. 
as  designed  by  the  Wisconsin  Highway  Commission  are  given  in  Fig.  10. 

Details  of  a  reinforced  concrete  through  girder  bridge  as  designed  by  the  Michigan  Stjie 
Highway  Department  are  given  in  Fig.  ii. 

The  suriace  of  the  concrete  on  the  roadway  is  covered  with  a  tntuminous  coating  as  described 
in  the  cut. 
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Details  of  a  reinforced  concrete  through  girder  bridge  with  a  span  of  65  ft.  aad  a  20  ft.  road- 
way designed  by  the  Illinois  Highway  Commiadon  are  given  in  Fig.  13.  Data  and  quantities 
for  through  girder  spans  varying  from  jo  ft.  to  65  ft.,  and  for  16-ft.,  i8-ft.  and  ao-ft.  roadways 
are  given  in  Table  VUI. 

TABLE  Vm. 

Data  and  Quanttties  for  Through  Girder  Bridges. 

Illinois  Highway  Commission. 


Sp«..  Fl. 

Ro«]n7.  Ft. 

^.-^tx 

DeplboTGitdn 
Id. 

Wldlb  of  Girder 
In. 

cT^'' 

"■IT"- 

JO 

16 

'^ 

S8 

16 

34.6 

7.27° 

JO 

iS 

:s' 

II 

16 

39.6 

8,s6o 

JO 

ao 

■6 

4S-" 

9.990 

3S 

16 

13 

S8 

16 

39.8 

9,180 

IS 

18 

lii 

60 

16 

4S9 

iS,640 

IS 

M 

16 

67 

16 

S3 -9 

12,050 

40 

16 

•3, 

60 

17 

47.1 

11,130 

40 

tS 

is' 

66 

17 

55-4 

12.940 

40 

M 

60 

11 

oS-4 

15,820 

4S 

16 

13 

S9 

21 

57-8 

•4,430 

45 

18 

II' 

66 

21 

68.J 

16,210 

4S 

69 

78.9 

18,720 

SO 

16 

13 

66 

67.9 

i6,9io 

SO 

18 

14I 

^i 

78-5 

18,980 

SO 

10 

16 

76 

22 

91.J 

21,850 

SS 

16 

'3 

72 

11 

77-7 

•9.740 

ss 

18 

14I 

7a 

26 

96.S 

24,060 

SS 

16 

78 

26 

"7:^ 

26,810 

60 

16 

13 

74 

26 

»4.J40 

60 

18 

14) 

80 

26 

iii.s 

*7.Sao 

60 

20 

16 

79 

31 

•33-S 

33,100 

6s 

16 

•3. 

79 

H 

123,8 

29,810 

6S 

18 

;?' 

79 

J6 

1473 

35.790 

6! 

10 

84 

36 

164-0 

39,JJO 

Z  ciit  rockers  weigh  318  lb 

for  jo-ft.  span  and  l.ljo  lb.  (or  6s-ft.  .p»n 

4  steel  plat 

a  weigh  l6j  lb. 

for  a  30-ft.  span  and  «] 

I  lb.  for  65-ft.  span. 

In  the  test  of  a  reinforced  concrete  through  girder  bridge  with  40-ft.  span  and  i8-ft.  roadway, 
made  by  the  Illinois  Highway  Commission,  Proceedings  American  Society  for  Testing  Materials, 
Vol.  XIH,  pp  8S4-  933,  the  stress  measurements  indicated  that  points  of  contraflexure  occurred 
at  points  15  in.  from  the  side  of  the  girder,  the  girder  slab  acting  as  a  simple  beam  15.5  ft.  long. 
The  towa  Highway  Commission  assumes  that  the  point  of  contraflexure  is  i  ft,  inside  the  girders. 
On  the  baMS  of  economy  the  through  girder  type  of  bridge  is  limited  to  a  roadway  of  about  20  ft. 

For  details  of  the  design  of  a  through  reinforced  concrete  girder  bridge  see  Fig.  25. 

The  expansion  ends  of  all  through  girder  bridges  designed  by  the  Illinois  Highway  Commisdon 
rest  on  cast  iron  rockers  that  bear  on  steel  plates.  The  following  dtscusHon  of  expansion  of  girder 
bridges  is  taken  from  the  Fourth  report  of  the  Commission. 

"Two  methods  of  providing  for  expansion  in  girder  bridges  have  been  used  and  both  have 
proved  satisfactory.  In  one  method,  the  wing  walls  of  one  abutment  are  entirely  separated 
from  the  abutmmt  wall  proper,  the  latter  being  free  to  move  at  the  top  with  the  expansion  or 
contraction  of  the  superstructure.  The  wing  walls  are  designed  to  be  self-supporting.  As 
girder  spans  designed  by  the  commission  have  so  far  been  limited  to  60  feet,  the  amount  of  move- 
ment  either  way  from  the  nonnal  is  small  and  is  taken  up  by  deflection  of  the  main  wall  or  a  slight 
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rockiDg  of  the  wall  on  the  footing.  Earth  pressure  against  the  wall  is  of  little  importance  in  thb 
connection  as  it  but  tends  to  reduce  the  tension  in  the  girder  steel  during  expansion  and  to  cause 
the  abutment  wall  to  fotlow  the  superstructure  during  contraction.  It  does  not  increase  the  stress 
in  the  compression  area  of  the  girder  as  the  load  is  applied  at  the  bottom  of  the  girder  tending 
by  this  eccentricitv  of  application  to  reverse  the  dead  and  live  load  stresses  in  the  girder. 

"This  method  has  been  found  to  be  entirely  Huccessful,  but  is  somewhat  objectionable  as  a 
if  the  wings  due  to  earth  pressure  and  unequal  settlement  sometimes  causes  the 
e  forward  slightly  at  the  top,  making  a  somewhat  unsighlly  off-set  between  the 
.....It  walls.     This  has  never  been  more  than  2  or  5  inches  for  the  highest  walls, 
t  understood  by  the  ordinary  observer,  an  impression  of  weakness  is  Hometimes 
causeo. 

"The  present  method  of  providing  for  expansion  is  to  design  the  abutments  and  wings  in  the 
ordinary  way,  separating  the  superstructure  completely  from  one  of  the  abutments  by  a  thick 

¥iper  joint  and  supporting  each  girder  at  the  tree  end  on  a  single  cast  iron  rocker  of  large  diameter- 
he  reaction  is  transmitted  to  the  girder  and  abutment  from  the  rocker  through  planed  Btmctural 
steel  plates  stiffened  with  I  beams  when  necessary.  The  rocker  surfaces  m  contact  with  the 
bearing  plates  are  turned  to  insure  perfect  bearing  on  the  plates.  The  diameter  of  the  rocker  is 
made  proportional  to  the  load  imposed  per  lineal  inch,  in  the  same  manner  as  is  commonly  used 
in  proportioning  roller  nests  for  steel  bridges.  The  upper  and  lower  plates  are  bedded  in  the 
concrete  of  the  superstructure  and  abutment.  The  rocker  is  located  in  a  pocket  built  in  the 
abutment.  This  pocket  is  filled  with  a  soft  asphalt  to  prevent  the  entrance  of  water  or  dirt  and 
to  protect  the  metal  from  corrosion. 

"The  rocker  method  of  providing  for  expansion  has  proved  very  satisfactory,  and  is  but 
little  more  expensive  than  the  other  method,  especially  when  it  is  considered  that  the  wings  may 
be  tied  to  the  main  wall  when  rockers  arc  used,  and  advantage  taken  of  the  mutual  support  thus 
obtained."    Fig.  i3  shows  how  the  rockers  are  arranged  at  trie  free  end  of  the  girders. 

EXPANSION  ROCKERS.— The  Illinois  Highway  Commission  requires  that  all  reinfan:ed 
concrete  through  or  deck  girder  bridges  designed  as  unconstrained  structures  shall  be  provided 
with  cast-iron  expansion  rockers  at  one  end  of  each  span.  The  rockers  to  have  a  thicknesB  not 
less  than  2)  in.  for  spans  of  45  ft.  and  less,  and  not  less  than  3  in.  for  spans  over  45  ft.,  but  in  no 
case  shall  the  unit  compressive  stress  exceed  g,ooo  —  40^/r  lb.  per  sq.  in.  Rockers  to  have  bearing 
surfaces  turned  to  uniform  radius  and  smooth  surface,  and  have  2-in.  holes  to  facilitate  handling. 
Bearing  plates  to  be  steel  plates  not  less  than  1  in.  thick  with  planed  bearing  surfaces.  Rocker 
pockets  are  made  2  in.  longer  than  rockers.  The  top  of  the  rocker  is  placed  i  in.  above  surface 
of  concrete.  The  rockers  are  blocked  up  by  means  of  sticks  with  cross-section  of  one  inch,  and 
the  pocket  is  tilled  with  asphalt.  The  top  plate  is  then  blocked  up  with  sticks  during  the  pouring 
of  the  girder.     The  space  between  girder  and  abutment  is  filled  with  bituminous  felt. 

The  Minnesota  Highway  Commission  has  the  same  speci6cations  for  expansion  rockers. 
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Segmmlai  Roller  Bearings  for  Concrete  Girders. — The  segmental  roller  bearings  for  concrete 
girders  shown  in  Fig,  12a  were  designed  by  Mr.  C.  V,  Dewart  for  the  Michigan  State  Highway 
Department.  The  bearing  conaista  of  a  hollow  casting  containing  in  a  medium  of  heavy  oil  the 
segmental  rollers  which  lit  into  the  girder  shoe.  The  pier  is  lir^  poured  up  to  the  under  side  of 
the  coping,  and  in  this  run  it  is  necessary  to  place  the  locating  bars.  In  placing  these  bars  the 
pedestal  plate  may  be  used  as  a  template.  The  turnbuckles  are  then  placed  on  top  of  the  locating 
bars  and  the  pedestal  castings  on  top  of  the  turnbuckles,  and  leveled  up  by  means  of  the  turn- 
buckles.  The  vertical  castings  are  held  in  place  by  means  of  temporary  wooden  struts.  The 
open  joint  between  the  ends  of  the  girders  is  protected  with  an  expansion  plate. 

OVERPLOW  BRIDGES. — In  many  localities  in  the  west  and  southwest,  streams  which  at 
flood  carry  a  large  volume  of  water  are  entirely  dry  or  have  a  very  small  flow  except  for  the  occa- 
sional flood  flow.  In  many  cases  the  building  of  a  permanent  bridge  with  a  waterway  sulliciently 
large  to  carry  the  flood  (low  is  not  possible  on  account  of  the  cost.  The  overflow  bridge  must 
be  so  designed  as  to  carry  the  normal  flow,  and  at  the  same  time  withstand  the  action  of  the  heavy 
current,  and  not  lodge  drift;  and  that  when  the  flood  has  subsided  will  leave  the  roadway  free 
from  flood  deposit.     Two  types  of  overflow  bridges  are  used. 
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Fig.  13.     Standard  Concrete  Dip.    U.  S.  Bureau  of  Public  Roads. 

I.  Concrete  Dip. — Where  there  is  no  flow  or  a  small  flow,  except  at  flood,  the  roadway  ia 
depressed  to  make  a  channel  (or  flood  flow,  the  embankment  is  paved  with  concrete  on  each  side 
to  prevent  erosion,  and  a  small  flow  culvert  is  placed  at  the  lowest  point  of  the  channel.  The 
grade  of  the  road  descending  into  the  channel  and  ascending  should  not  exceed  5  per  cent.  Details 
of  a  standard  "Concrete   Dip"  as  designed  by  the  U.  S.  Bureau  of  Public  Roads  are  given  in 

Fig-  13-  f-\ 
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2.  Overflow  Bridge. — Where  it  is  desirable  to  take  care  of  normal  atotma  the  waterway  is 
provided  by  means  of  several  culverts,  and  the  remainder  of  the  bridge  consists  of  hll  between 
reinforced  concrete  walls.  The  railing  should  be  of  a  tj'pe  that  will  not  hold  the  drift  and  will 
pass  the  flood  flow  freely.  Details  of  a  standard  reinforced  concrete  overflow  bridge  as  designed 
by  the  U.  S.  Bureau  of  Public  Roads,  are  given  in  Fig.  14.  The  rail  on  top  of  the  curb  is  made  so 
•  that  it  will  wash  away  in  Rood,  and  will  not  collect  drift.  The  openings  in  the  curb  will  produce 
an  increased  velocity  of  the  water  over  the  top  of  the  bridge  floor  that  will  keep  the  surface  clear 
of  silt. 
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Fig.  15.    CoNCKETE  Overflow  Brii>ce,  Bexak  County,  Te:us. 

The  low  water  bridge  shown  in  Fig.  15  was  built  in  Bexar  County,  Texas.  The  bridge 
a  reinforced  concrete  slab  bridge  resting  on  concrete  piers,  and  a  filled  portion  between 
.e  retaining  walls.  The  total  length  of  the  bridge  is  352  ft.  In  19 1 5  the  cost  was  $31.70  per 
lineal  foot  of  bridge.  For  rock  footings  the  foundations  are  carried  ii  in.,  into  rock  and  are  an- 
chored with  fish  bolts.  The  foundations  on  clay  and  gravel  are  made  of  a  continuous  slab  foot- 
ing, and  at  the  upstream  and  down  stream  edges  the  wall  extends  four  feet  below  the  footing  slab. 
Fill  is  placed  between  the  retaining  walls,  and  the  roadway  is  paved  with  concrete. 

The  curbing  is  12"  wide  and  is"  high,  and  has  openings  at  intervals.  These  openings  cause 
a  current  that  cleans  the  roadway  of  silt.    There  is  no  rail. 

COHTINOOUS  OQtDBRS.— A  continuous  reinforced  concrete  girder  bridge  of  three  spans 
is  shown  in  Fig.  16.     The  roadway  for  a  single  track  electric  railway  is  laid  on  ballast  carried  on 
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the  reinforced  concrete  floor.  The  structure  is  reinforced  aa  shown  in  the  cut.  There  is  no 
expansion  joint  in  the  structure.  The  left  hand  abutment  and  the  piers  rest  on  solid  rock,  the 
right  hand  abutment  rests  on  cl4y. 
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Fig.  16,    Continuous  Reinforced  Concrete  Girder  Bridge. 

Continuous  reinforced  concrete  bridges  require  heavier  foundations  than  (or  bridges  with 
simple  spans,  if  settlement  is  to  be  prevented.  The  shear  near  the  piera  over  which  the  girder  is 
continuous  is  greater  than  at  the  ends  of  simple  girders,  and  there  is  no  economy  in  continuous 
reinforced  concrete  girders  over  ^mplc  span  reinforced  concrete  girders.  Continuous  reinforced 
concrete  girders  usually  require  more  material,  and  more  careful  workmanship,  than  simple  span 
reinforced  concrete  girders  and  are  not  to  be  recommended  for  highway  bridges. 

CARTILBVER  REIIfFORCED  CONCRETE  GIRDBRS.~The  Colfax-Larimer  reinforx^ 
concrete  viaduct  shown  in  Fig.  17,  was  designed  as  a  cantilever  bridge.  This  design  was  worked 
out  by  the  designing  engineer,  Mr.  H.  S.  Crocker,  M.  Am.  Soc.  C.  E.,  to  obviate  the  difficulties 
incident  to  the  construction  of  a  continuous  structure  and  at  the  same  time  obtain  a  more  econom- 
ical structure  than  could  be  obtained  with  simple  spans.  The  spans  vary  from  40  ft.  to  50  ft. 
The  suspended  span  has  a  span  length  equal  to  one-half  the  total  span  length.  All  columns  are 
supported  on  independent  footings.  The  main  viaduct  carries  a  roadway  and  electric  tracks,  each 
of  which  is  carried  on  a  viaduct  with  four  columns  in  each  tower,  making  four  columns  in  line  in 
a  transverse  direction.  The  roadway  floor  slab  and  electric  railway  floor  slab  are  connected  by 
a  slab  free  to  move  at  the  ends  parallel  to  the  roadway.  A  very  unusual  rain  occurred  during  con- 
struction and  several  columns  near  the  west  end  settled  several  inches,  without  causing  any  serious 
cracks  or  injuring  the  structure.  These  columns  were  easily  jacked  back  into  place.  The  same 
settlement  with  a  continuous  bridge  would  have  wrecked  the  structure.  Details  of  the  suspensioa 
link  are  shown  in  Fig.  17.  The  cantilever  reinforced  concrete  bridge  is  especially  suitable  for 
viaducts. 
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Fig.  17a.    C'ANTILEVIIK  Arch  Bridge.    Hanqvek  Street  Budge,  Baltimore,  Md. 
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The  cantilever  arch  bridge  shown  in  Fig.  17a  was  designed  to  give  the  artistic  effect  of  an  arch 
structure  and  the  economy  of  a  cantilever  structure.  The  cantilever  reinforcement  carries  the 
dead  load,  while  the  live  load  is  divided  between  the  steel  and  the  concrete.  This  bridge  is  de- 
scribed in  Engineering  News,  March  30,  1917. 

SSinFORCED  CONCRETE  TRESTLE  BRIDGES.— Standard  plans  for  reinforced  con- 
crete trestle  highway  bridges  deigned  by  the  U.  S.  Bureau  of  Public  Roada  are  given  in  Fig.  18. 
The  bents  are  composed  of  four  reinforced  concrete  piles  with  a  reinforced  concrete  cap.  The 
bents  are  spaced  from  14  ft.  to  23  ft.  centers,  or  la  ft.  to  30  ft.  in  dear.  The  bridges  are  designed 
for  a  15-ton  truck  with  axka  spaced  10  ft.  centers,  and  wheels  with  6  ft.  gage.  Two-thirds  of  the 
load  is  to  be  carried  on  the  rear  axle.  With  ballast  of  8  in.  or  less  each  wheel,  is  assumed  as 
uniformly  distributed  over  5  feet  square.  An  allowance  of  30  per  cent  is  made  for  impact.  Con- 
crete for  slab*,  caps  and  piles  is  to  be  I  :  3  :  4  mix  with  aggregate  not  more  than  i  in.  in  diameter. 
Allowable  stress  on  steel  reinforcement  is  16,000  lb.  per  sq.  in.  Allowable  compression  in  con- 
crete is  600  lb.  per  sq.  in. 

Reinforced  concrete  precast  piles  are  made  with  an  average  diameter  of  not  less  than  13  in. 
and  the  diameter  at  the  point  not  less  than  8  in.  The  length  shall  not  exceed  30  times  the  average 
diameter  for  piles  driven  through  firm  soil,  or  15  times  the  average  diameter  for  piles  driven  to 
rock  through  loose,  wet  soil  or  filled  ground.  When  piles  are  not  supported  they  are  designed  as 
columns.  I^les  shall  be  loaded  as  determined  by  formula  or  by  testa,  but  not  to  exceed  a  maximum 
of  300  lb.  per  sq.  in.  on  the  smallest  section,  or  30  tons  per  pile  as  a  maximum.  For  arches, 
continuous  spans  and  high  abutments  the  load  shall  not  exceed  35  tons  per  pile.  Reinforcing 
■teel  shall  be  rigidly  fastened  in  place  befme  casting.  Centers  of  main  reinforcing  bats  shall  not 
be  nearer  the  surface  of  the  concrete  than  3}  inches.  The  concrete  shall  be  placed  continuously. 
Fra-ms  shall  be  straight  and  true,  shall  be  water-tight,  and  shall  not  be  removed  within  24  hours 
after  the  concrete  is  placed.  All  exposed  surface  of  piles  shall  be  given  a  rubbed  surface.  Piles 
shall  be  cured  at  least  40  days  with  a  temperature  of  not  less  than  40"  F.,  or  30  days  with  a  tempera- 
ture of  not  less  than  60*  F.  Piles  shall  be  at  least  30  days  old  when  driven.  When  concrete  piles 
are  lifted  or  moved  they  shall  be  supported  at  the  quarter  points,  and  they  shall  be  so  deigned  that 
the  unit  stress  produced  by  handling  shall  hot  exceed  630  lb.  per  sq.  in.  in  compreswon  or  16,000 
lb.  per  sq.  in.  in  the  steel  reinforcement. 

Piles  shall  be  driven  with  drop  hammers  weighing  not  leas  than  the  weight  of  the  pile,  or 
irith  steam  hammers  weighing  not  less  than  two-thirds  the  weight  of  the  [nie.  The  tops  of  piles 
•hall  be  protected  by  cushions  of  wood  or  rope.  The  safe  load  shall  be  determined  by  the  Engineer- 
ing News  formula  where  t  is  the  average  penetration  for  the  last  5  blows  with  a  drop  hammer  or 
last  30  blows  with  a  steam  hammer.     See  specifications  in  Appendix  II. 

DESIGN  OF  REINFORCED  CONCRETE  BRIDGES.— Detail  designs  are  given  for  (t)  a 
slab  bridge,  (3}  a  T-beam  bridge,  and  (3)  a  through  girder  bridge.  The  des^s  follow  the  speci- 
Bcations  in  Appendix  II.    All  references  are  to  formulas  in  Chapter  XVIII. 

Design  of  a  13-FT.  Span  Reinforced  Comckete  Slab-Bridge. 

1.  0«a«nU  Description  of  Bridge. — This  bridge  consists  of  a  reinforced  concrete  floor  slab 
supported  at  each  end  on  the  abutments,  with  reinforced  concrete  railing  on  each  side  of  the  road- 
way. The  railing  is  not  considered  as  assisting  in  carrying  the  load.  The  ends  of  the  slab'  will  be 
so  supported  that  expanw>n  and  contraction  will  cause  only  nominal  stresses  in  the  slab  and  no 

-  negative  moment  will  be  [Koduced.     A  wearing  surface  weiring  30  lb.  per  sq.  ft.  of  roadway  will 
be  provided. 

2.  LOADS.  Dead  Load. — The  dead  load  consists  of  the  weight  of  the  Roor  slab  at  150  lb. 
per  cu.  ft.  and  the  wearing  surface.  The  railing  will  be  made  self  supporting  so  need  not  be 
carried  by  the  slab. 
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Live  Loftd. — This  bridge  will  be  designed  for  Class  D|  loading,  given  in  the  specificatiom, 
which  provides  for  a  20-ton  concentrated  load  on  two  ajdes  I3  feet  apart  or  a  uniform  live  load 
of  123  lb.  per  sq.  ft.  of  roadway. 

Impact — An  allowance  of  30  per  cent  of  the  live  load  stresaes  will  be  made  for  impact. 

Wind  Load. — The  wind  load  need  not  be  considered  in  this  type  of  structure. 

3.  DimeoKioils. — Span,  15'  o"  center  to  center  of  end  bearings;  width  of  roadway,  20'  o"; 
width  of  railing,  lo";   height  of  railing,  4'  o"  above  top  of  the  slab. 

4.  DESIGN  OF  THE  SLAB.— In  the  design  of  the  slab  one  wheel  load  will  be  considered 
as  distributed  on  a  line  parallel  to  the  abutments  and  having  a  length  as  given  the  formula 

e-iL  +  c 
with  a  maximum  of  six  feet,  where 

#  —  effective  width  of  distribution  of  load,  in  feet. 
L  =•  span  in  feet. 
e  —  width  of  wheel  in  feet. 
For  L  -  13,  e  -  i  X  15  +  1.67  -  11.67  ft-  «>  the  maximum  of  nx  feet  controls. 

The  rear  wheel  load  per  foot  of  width  is  P,  =  14,000  -J-  6  =  3,330,  and  adding  30  per  cent 
impact  Pr  ■^  2,330  X  1.30  —  3,030  lb.  For  the  front  wheel  the  load  per  foot  of  width  is 
P/  —  6,000  -I-  6  =  1,000  lb.  and  adding  30  per  cent  for  impact  P/  —  1,300  lb. 

The  maximum  live  load  bending  moment  will  occur  when  the  rear  wheel  is  at  mid-span. 
The  live  load  moment  per  foot  of  width  for  P,  at  the  center  of  the  span  is 
Af I.  =  i  X  3.030  ><  15  -  "1.40O  ft.-Ib. 
The  live  load  bending  moment  per  foot  of  width  for  the  uniform  load  is 

Aft=  i^P  =  1  X  (1.30  X  125)  X  15"  •"  4,570  ft.-lb. 
The  first  case  gives  the  maximum  of  Mi,  =  11,400  ft.-lb.     The  maximum  live  load  shear  occurs 
at  the  right  end  when  Pr  is  just  over  the  right  support,  and  is 

The  dead  load  moment  per  ft.  of  width  assuming  a  15  in.  slab,  weight  188  lb.  peraq.  ft.,  and  con- 

Ndcring  the  wearing  surface  is 

Md  -  i  X  3tS  X  15*  -  6,140  ft.-lb. 

The  dead  load  shear  per  ft.  of  width  assuming  a  15  In.  slab  is 

„        218  X  IS         -      ,. 
Vd  = — ^  -  1,640  lb. 

The  total  bending  moment  is 

li  —  iT,4O0  +  6,140  •=  17,540  ft.-lb.  -  211,000  io.-lb. 

The  total  shear  is 

V  -  3,190  +  1,640  ■=  4,930  lb. 

For  the  unit  stressea  given  in  the  spec! Itcat ions,  the  required  depth  to  the  center  of  the  steel  is 


d  =  0.096s  -^(-j-  -  0.096s  -^     ^'^      =  12-75  in-  (6c) 

.Adding  l\  in.  below  the  center  of  the  steel,  the  total  thickness  is  13.75  +  '-75  —  '4-50  '"-  A 
total  thickness  of  14}  in.  will  be  used,  making  d  —  12.75,  provided  this  thickness  is  satisfactory 
for  shear.  The  area  of  steel  per  foot  of  width  required  to  develop  this  slab  is  (From  Fig.  3, 
Chap.  XVIll,  for/,  =  16,000  lb.  and/„  =  650  lb.,  p  =  0.0077.) 

A  -  0.0077ft-''  =  0.0077  X  12  X  12.75  -  '.'8  «1-  '"■ 
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for  the  unit  stresses  given  in  the  specifications.    Bare  ]-in.  square  spaced  6  in.  c.  to  c.  provide 
an  area  of  1.13  sq.  in.  per  ft.  width,  and  will  be  used  for  the  reinforcement  perpendicular  to  the 
abutments,  and  j-in.  square  bars  12  in.  c.  toe.  mil  be  used  parallel  to  the  abutments.     [The  ana 
of  bars  ]-in.  square  spaced  6  in.  c.  to  c.  is  slightly  under  but  these  bars  will  be  used.) 
The  maximum  unit  shear  is 

f--rh-  '■"'n  -  '■"  X  uf^s  -  "  "■• "'  "■■  "• 

requiring  no  shear  reinforcement,  but  some  will  be  provided  to  increase  the  reliability  of  the 
structure. 

The  maximum  unit  bond  stress  considering  one-fourth  of  the  bars  as  bent  up  i«  (67) 
4.930       _ 

One-half  of  the  bars  will  be  bent  up  but  half  of  these  bars  will  be  effective  for  bond  as  may  be 
seen  from  Fig.  19. 

5.  Detail  Drawings. — The  detail  drawings  for  this  bridge  are  shown  in  Fig.  19. 

Design  op  a  23-Ft.  Concrbte  T-Beau  Spam. 
I.  General  Description  of  Bridge. — This  bridge  is  to  have  a  clear  span  of  38'  o".     It  wDl 
consist  of  a  reinforced  concrete  slab  supported  on  several  reinforced  concrete  beams  running 
between  the  abutments.    A  wearing  eu[face  weighing  30  lb.  per  sq.  ft.  will  be  provided. 

3.  LOAD.  Dead  Load. — The  dead  load  consists  of  the  weight  of  the  structure  considering 
reinforced  concrete  to  weigh  150  lb.  per  cu.  ft.;  and  the  wearing  surface  weighing  30  lb.  per  sq.  ft. 

Uts  Load. — This  bridge  will  be  designed  for  Class  Di  loading,  given  in  the  specifications, 
which  provides  for  a  is-ton  auto  truck  with  axles  spaced  10  (t.  c.  to  c.  and  wheels  spaced  6  ft. 
c.  to  c,  the  width  of  rear  tires  being  15  in.i  or  a  uniform  live  load  of  100  lb.  per  sq.  ft.  of 
roadway. 

Impact — ^An  allowance  of  30  per  cent  of  the  live  load  will  be  made  for  impact  on  the  slabi 
and  beams. 

3.  IHinenslons. — Span,  clear  38'  o",  c.  to  c.  supports  about  30'  o".  Width  of  roadway, 
16'  o",  c.  to  c.  outside  beams  about  17'  o". 

Three  intermediate  and  two  outside  beams  will  be  used,  making  the  spacing  about  4'  3". 

4.  DESIGN  OF  SLAB.— The  slab  will  be  reinforced  on  top  and  bottom  and  wiU  be  assumed 
as  continuous.     The  rear  wheels  of  the  auto  truck  will  determine  the  section. 

The  elTective  width  of  the  slab  for  moment  is 

e  =  Ul  +  <:)~  i{3.a5  +  i.ag)  =  3.00  ft. 

where  e  =  effective  wdth  of  distribution  of  load  in  feet. 

I  =  span  in  feet  =  3.25  ft.  (a  clear  span  of  3  ft.  has  been  used  later). 
c  =  width  of  tire  -  15  in.  =  1.25  ft. 
The  wheel  load  per  foot  width  of  slab  is 

P  =  r^  X  10,000  -^  3.00  -  4,330  lb. 
Since  the  slab  is  to  be  reinforced  on  top  and  bottom  it  may  be  considered  as  continuous  an< 
the  bending  moment  taken  as  i  the  moment  for  a  simply  supported  slab.  The  live  load  momen 
per  foot  of  width  is  Ml  =  1(1  X  4.330  X  i  X  3  -  !  X  4.330  X  i  X  0.625)  -  i.7iO  ft--ll 
Assume  a  si  in.  slab  and  a  wearing  surface  of  30  lb.  per  sq.  ft.  The  dead  load  moment  per  foot  c 
width  is 

Mo=  Ki'"'')  =  1^(69  +  30)3*  -  74  tl-lb. 
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The  total  bending  moineat  at  the  center  and  over  the  beams  is 

M  -  1,710  +  74  -  1,784  ft.-lb.  -  21,408  in.-lb. 
per  foot  of  width. 
For  the  unit  stresses  given  in  the  specifications  the  required  depth  to  the  center  of  the  steel  is 

A  ^b  with  a  total  thicknesa  of  si  in.  will  be  used  placing  the  steel  on  top  and  bottom  i  in. 
from  tlie  surface,  making  d  =  4.35  in.,  providing  this  slab  will  be  sufficient  for  shear.  The  area 
of  steel  per  foot  width  reqtured  to  develop  this  slab  is 

A  =  0.0077  I'd  =  0.0077  X  13  X  4*5  =  0-393  «1.  in. 
for  the  unit  stresses  given  in  the  specifications.  Bars  )  in.  square  spaced  7)  in.  c.  to  c.  provide 
an  area  of  0.40  sq.  in.  and  will  be  used  if  satisfactory  for  bond  stress.  Bars  1  in.  square  spaced 
about  13  in.  c.  to  c.  will  be  placed  near  the  top  and  bottom  of  the  ^b  and  running  parallel  to  the 
beams.  This  reinforcement  is  to  asust  in  distributing  the  loads  and  to  provide  for  temperature 
changes. 

The  effective  width  for  shear  is  taken  equal  to  that  for  moment  with  a  minimum  of  3  ft. 
Since  the  effective  width  is  3  ft.  the  unit  shear  will  all  be  punching  shear,  and  will  have  a  value  of 

The  allowable  value  is  120  lb.  per  sq.  in.    Since  all  of  tl>e  shear  is  considered  as  punching  shear 
bond  stress  need  not  be  calculated. 

^S^  H^3  IEw3r'''' 

faj  Yb)  (c) 

Fig.  20. 

4.  Dotlgn  of  Intennediate  B««iii3.^The  bending  moment  in  one  beam  due  to  live  load  of 
100  lb.  per  sq.  ft.  plus  30  per  cent  impact  is 

Aft  =  \v>-P  =  1(4.25  X  ijojao"  -  62,000  tt.-lb. 
The  end  shear  in  one  beam  due  to  the  live  load  of  100  lb.  per  sq.  ft.  plus  30  per  cent  impact  is 
Kt  =  \w-l  =  i(4.i5  X  130)30  -  8,300  lb. 
The  proportion  of  the  front  and  rear  wheels  of  the  auto  truck  carried  by  one  joist  is  4.35  +  6 
—  0.708.  The  position  of  the  wheels  of  the  15-ton  auto  truck  for  maximum  moment  is  shown  in 
(6),  Fig.  20,  and  for  maximum  shear  in  (c).  Fig.  20.  The  bending  moment  in  one  beam  due  to  the 
auto  truck  and  30  per  cent  impact  is 

U^  -  ,.30  X  0.708  ■^■°°°^  '"3'  .  feooo  tt..|b. 
The  shear  in  one  beam  due  to  the  auto  truck  and  30  per  cent  impact  is 
r^  -  ..30  X  0.70S  ■s-""'^'^-^  .  „,„o  lb. 

The  auto  truck  gives  larger  values  for  both  shear  and  momeat  than  those  given  by  the  uniform 
load,  so  these  values  will  be  wed. 
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The  dead  load  shear  and  moment  cannot  be  determ"ted  until  the  weight  of  the  beams  is 
known.    The  stem  of  the  beams  will  be  assumed  to  be  i6  in.  wide  and  34  in.  deep,  and  will  weigh 
16  X  26  X  150  +  144  "  430  lb.  per  ft.    The  dead  load  carried  by  one  beam  is 
Wearing  surface,  4.15  X  30  —  130  lb.  per  ft. 

Slab,  4.25  X  66  -  280 

Beam,  -  43^ ' 

Total  -  840  lb.  per  ft. 

The  dead  load  bending  moment  is 

Md  "  iw-fi  -  i  X  840  X  30*  =  94.500  ft.-lb. 

The  dead  load  shear  is 

Vo  =  \v,-l  =  1  X  840  X  30  =  i2,6oolb. 

The  total  bending  moment  is 

M  "  Ml,  +  Ma  =  82,000  +  94,500  =  176,500  ft.-lb,  -  2,120,000  in.-lb. 
The  total  shear  is 

V  =  Vl-^Vd-  12,270  +  12,600  -  24,870  lb. 
The  slab  acts  as  the  Range  of  a  T-beam.  The  width  on  each  side  which  may  be  considered 
as  effective  is  4  X  5-25  —  21  in.,  making  a  total  width  of  42  +  16  =  58  in.  assuming  stem  to  be 
16  in.  wide.  This  value  is  greater  than  the  distance  center  to  center  of  beams,  so  the  distance 
center  to  center  of  beams  —  51  in.  will  be  used,  providing  it  is  not  greater  than  one-fourth  of 
the  span,  or  28  -^  4  —  7  ft.  -  84  in.    The  minimum  seaion  allowed  if  fully  reinforced  for 

V  24,870 

assuming  J  =  0.90,     Using  b'  =  16  in.,  d  would  equal  14.4  in.    The  depth  should  not  be  much 
less  than  y',  of  the  span  =  30  in.    The  most  economical  depth  is  given  by  the  formula 


t  cost  of  steel  in  place  to  unit  cost  of  concrete  in  place,  uung  same  u 
A  value  of  r  —  70  will  be  used 


V   16,000  X  16     '     2  ' 


which  will  probably  be  satisfactory. 

S  =  -.  =  -—„-  -  0,I8t 


'■=3(.-|)-,i,(.>- 

3(1  -  0-188)  +  (0.188)' 


The  area  of  steel  required 

A  ' 


f.-j-d      16,000  X0.92  X28 


oyGoot^lc 


DESIGN   OF  T-BEAM    BRIDGE. 


373 


Ten  i-io.  square  bars  jwovide  an  area  of  3.63  «q.  in.  If  ten  bars  were  used  rix  bare  could  be  bent 
up  for  web  reinforcement.  Twelve  bars  will  allow  eight  to  be  bent  up,  which  may  be  found  neces- 
sary. Eight  |-in.  square  bare  and  four  1-in.  square  bare  provide  aji  area  of  5.38  sq.  in. 
Twelve  bars  with  eight  of  them  bent  up  will  be  used,  for  six  bent-up  bars  give  too  great 
s  apadng,  the  maximum  allowable  being  Jd  —  ]  X  38  ~  31  in. 


4-p6srs^ 


Fig.  21. 

The  unit  stress  in  the  concrete  must  be  determined  to  see  that  it  does  not  exceed  the  allow- 
able value  of  650  lb.  per  sq.  in.     This  requires  that  p  and  k  be  found  and  substituted  in  the 

formula 

'    »(i  - ») 

fi  ~  A  +  b.d  -  5.38  +  5!  X  as  -  0.0038  if  twelve  bam  are  lued. 

f +  l(,;}     0.0038  X  15  +  0.0177    „„. 

6.-4.1  0.0038  X  IS  +  0.188  "^^ 


(3) 


The  assumed  section  will  be  adopted.    No  revision  in  weight  is  necessary. 
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Part  of  the  tensile  steel  bars  will  be  bent  up  to  provide  web  reinforcement.  The  point  at 
which  web  reinforcement  must  start  is  determined  from  the  shear  diagram  given  in  Fig.  31.  The 
p(»nts  at  which  bars  may  be  bent  up  are  determined  from  the  moment  diagram  in  Fig.  zi. 
The  stresses  in  the  bent  up  bars  are  determined  from  the  diagonal  tennon  diagia.m  in  Fig. 
31.     The  construction  of  these  diagrams  will  be  explained. 

The  shear  and  moment  diagrams  were  constructed  by  calculating  the  total  shear  and  moment 
at  several  points  in  the  beam  and  plotting  their  values.  The  curves  were  then  drawn  through 
these  points. 

The  shearing  stress  which  the  concrete  may  be  considered  as  carrying  without  web  reinforce- 
ment is  V,  =  f,-b'j-d  =  40  X  16  X  0.93  X  38  =  16,500  lb.,  the  allowable  value  of  fc  being  40 
lb.  per  sq.  in.  A  horizontal  line  is  drawn  across  the  shear  diagram,  Fig.  31  until  it  intersects  the 
shear  curve.  To  the  right  of  this  intersection  no  shear  reinforcement  is  needed  although  it  is 
good  practice  to  provide  light  vertical  stirrups  spaced  not  to  exceed  id.  To  the  left  of  this  inter- 
section the  web  reinforcement  is  considered  as  carrying  two-thirds  of  the  shear. 

The  points  at  which  the  bars  may  be  bent  up  for  shear  were  determined  from  the  n 
diagram  by  plotting  the  areas  provided  by  each  pair  of  bars,  on  the  moment  diagrams  to  the 
scale.  The  scale  ia  determined  by  making  the  required  area  equal  to  the  maximum  r 
The  points  at  which  bars  may  be  discontinued  are  given  by  the  intersections  of  the  lines  repre- 
senting areas  with  the  moment  curve.  The  unit  bond  stress  considering  the  eight  |-in.  bars 
to  be  bent  up,  depends  upon  the  four  1-in.  straight  bars,  and  is 

-  —  6t  lb.  per  sq.  in.  (69) 


■'*       Zo-j-d     4X3X0 
The  allowable  bond  stress  with  hooked  ends  =  I30  lb.  per  sq.  in. 

5.  Design  of  Outdde  Beams. — The  outside  beams  will  be  designed  as  rectangular  beams. 
The  top  of  the  beams  will  project  above  the  top  of  the  slab  to  provide  a  curb.  The  rail  will  be 
assumed  as  concrete  weighing  3S0  lb.  per  ft.  It  ia  evident  that  the  slab  adds  but  little  to  the 
strength  of  the  beam  for  it  is  located  near  the  neutral  axis  and  comes  on  one  side  only. 

The  specilications  require  that  the  same  live  load  be  used  on  the  outside  beams  as  for 
the  intermediate  beams.     Therefore 

Ml  =  83,000  ft.-lb.,        V^t  =  13,270  lb. 
The  dead  load  carried  byoutside  beam  is 

Wearing  surface,  i  X  4.25  X  30  -       64  'b-  per  ft. 
Slab,  1.46  X66  -       96   '•     ■■     " 

Beam,  (assumed)  =     730  "    "     " 

Railing,  -     3S0  "    "    " 

Total  =  1,160  lb.  per  ft. 

The  maximum  dead  load  bending  moment  is 

Mo  =  i  X  1,160  X  30*  =  130,500  ft.-lb. 
The  maximum  dead  load  shear  is 

Kd  -  1  X  1,160  X  30  =  17,400  lb. 
The  total  bending  moment  is 

M  -  Mi,  +  Ma  =  82,000  -I-  130,500  -  312,500  ft.-lb.  =  3,550,000  in.-lb. 
The  total  shear  is 

V  =  Vi,+  Vd-  12,270  +  17,400  -  29,670  lb. 
The  width  of  the  beam  will  be  taken  as  16  in.,  the  same  as  the  width  of  stem  of  the  intermediate 
beams.    The  minimum  depth  as  determined  by  the  bending  moment  is 
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A  curb  projectins  13  in.  above  the  top  of  the  slab  will  be  provided.    This  requires  that  the 
depth  be  38  +  13  =  40  in.    A  depth  of  40  in.  will  be  used  i(  satisfactory  for  diear. 
For  b  —  16  ia.  and  d  -  40  in. 

From  diagram,  Fig.  3,  Chapter  XVIII,  p  —  0.0070  and  j  —  .8S0 

A  —  pb-d  =  .0070  X  16  X  40  -  4.48  sq.  in. 
Eight  )-in.  square  bare  were  uaed.    ^  >■  8  X  0.5635  —  4.50  aq.  in.    Maximum  unit  shearing  stress 

'■-1^,-  r6-x  sSfTo  - ''  "■  <"  -■  '"■  <"> 

This  exceeds  the  allowable  of  40  lb.  per  sq.  in.  It  is  good  practice  10  bend  up  some  of  the  h^ra 
and  to  provide  some  vertical  stirrups.  The  stresses  are  so  small  no  calculations  will  be  made. 
Assuming  4  of  the  8  bars  to  be  bent  up  the  bond  stress  at  the  end  is 

y  39.670  ■■_  -  /,  , 

'■  -  ii-Ji  -  rxTx788xTb  -  ">  '"■  ■»'  "■  "■  "" 

The  allowable  bond  stress  with  hooked  ends  ~  130  lb.  per  sq.  in. 

If  four  of  the  horizontal  bars  are  bent  up  in  pairs  the  bends  being  spaced  H  —  30  in.  apart 
the  tensile  stress  in  the  bent-up  bars  due  to  the  shear  is 

_       3  0.7  X  39,670  X  30  _ 
^iA}  d    "33  X  0.5635  > 
if  no  allowance  is  made  for  vertical  stirrups. 

It  will  usually  be  found  desirable  to  main  the  complete  graphical  solution  as  explained  under 
intermediate  beams. 

6.  DetkU  Drawings. — Detail  drawings  are  given  in  Fig.  33. 

Design  op  a  33-PT.  Span  Throuce  Concrete  Gikdes  Bridge. 

I.  General  Description  of  Bridge. — This  bridge  is  to  consist  of  a  reinforced  concrete  floor 
slab  supported  by  two  reinforced  concrete  girders  at  the  edges  of  the  roadway.  These  girders 
also  act  as  railings.    A  wearing  surface  of  30  lb.  per  sq.  ft.  of  roadway  will  be  provided. 

3.  LOADS.  Dead  Load. — The  dead  load  for  the  slab  consists  of  the  weight  of  the  slab  and 
wearing  surface.  The  dead  load  for  the  girders  (xmsists  of  the  weight  of  the  slab,  wearing  surface 
and  girdere.     The  weight  of  reinforced  concrete  is  taken  as  150  lb.  per  cu.  ft. 

Live  Load. — This  bridge  will  be  designed  for  Class  Di  loading  which  provides  for  a  30- 
ton  concentrated  load  or  a  uniform  load  tA  135  lb.  per  sq.  ft.  of  roadway  for  the  floor  and  135  lb. 
per  sq.  ft.  for  the  girders. 

Impact — The  spedficationB  provide  for  an  allowance  for  impact  of  30  per  cent  for  the  floor 
slab,  and  of 

iT+so  -  is -^  ■»'"»' 

for  the  girders. 

TInd  Load. — The  wind  load  need  not  be  considered  in  this  type  of  structure. 

3.  Dimendons. — Span,  35'  o"  c.  to  c.  of  bearing;  width  of  roadway,  16'  o";  spacing  of 
girders,  about  18'  o"  c.  to  c. 

4.  DESIGN  OP  SLAB.— In  designing  the  slab  the  rear  axle  load  will  be  considered  as  dis- 
tributed ovens  feet  nieasure<l  parallel  to  the  axle,  and  one-twelfth  of  the  axle  load  will  be  assumi^d 
as  carried  on  a  width  of  one  foot  when  calculating  moment  and  one-sixth  when  calculating  shear. 
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The  load  per  loot  width  ol  slab  due  to  the  concentrated  load,  indudii^  30  per  cent  impact  ia 


1.30  X  aS.ooo 


3.030  lb. 


uniformly  distributed  over  13  feet  and  placed  in  the  center  ol  the  slab  ha  maximum  moment,  as 
shown  in  (o).  Fig.  23.  • 

The  slab  will  be  considered  as  simply  supported  with  a  span  equal  to  the  distance  center  to 
center  of  girders.  There  will  however  be  some  negative  moment  at  the  girders  which  must  be 
provided  for,  but  the  assumption  of  com^detely  fixed  ends  is  not  warranted.  The  maximum  live 
load  moment  per  foot  width  of  slab  due  to  the  concentrated  load  ia 

Mi,-=iX  3,030  X  i  X  18  -  i  X  3,030  X  1  X  6  -  9,090  ft.-lb. 
The  maximum  live  load  moment  due  to  135  lb.  per  sq.  ft.  ol  roadway,  and  including  30  per  cent 

Ml  -  i.iO[i  X  (135  X  16)  X  !  X  18  -  i  X  (125  X  16)  X  J  X  8l  -  6,500  ft.-Ib. 
which  is  less  than  that  due  to  the  concentrated  load,  so  need  not  be  considered. 
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Tbe  dead  load  moment  per  foot  width,  assuming  a  14)  in.  slab  and  considering  30  lb.  per  aq.  ft. 
for  wearing  surface  is 

Jlffl  -  I  X  »ii  X  IS*  -  8,540  ft.-lb. 

The  total  bending  moment  per  loot  width  ol  slab  is 

U  -  9,090  +  8,540  -  17,630  lt.-lb.  -  213,000  in.-lb. 

For  tbe  unit  stresaes  given  in  the  apedficationa  the  required  depth  to  the  center  of  the  steel  is 

d  -  0.0965  -^y  -  0.0965  -^-"y^  -  13.80  in.  (6c) 

Adding  1]  in.  below  the  center  ol  the  steel,  the  toul  thickness  of  slab  is  14.55  '■>.  A  total  thickneaa 
of  i\\  in.  will  be  used  making  d  —  12.75  in.,  provided  this  thickness  is  satisfactory  for  shear. 
The  area  ol  steel  per  foot  width  of  slab  required  to  develop  this  slab  ia  (Fig.  3,  Chap.  XVIII.) 

A  -  0.0077b-d  -  0.0077  X  13  X  12.75  -  1.17  sq.  in. 
for  the  unit  stresses  given  in  the  specifications.    Bars  1  in.  square  spaced  6  in.  c.  to  c.  provide  an 
area  of  1.13  sq.  in.  per  ft.  width,  and  will  be  used  lor  the  reinlorcement  perpendicular  to  the  girders, 
and  \  in.  square  bars  spaced  13  in.  c.  to  c  parallel  to  the  girders  to  provide  lor  temperature  changes 
and  to  distribute  the  load. 

The  maximum  live  load  end  shear  for  the  concentrated  load  will  occur  for  the  load  placed  as 
shown  in  (6),  Fig.  33.  The  load  per  It.  width  of  slab  for  shear  is  1.30  X  38,000  +  6  -  6,060  lb. 
The  live  load  shear  is 

„        6,060  X  13  ,. 

Vi  -  -'—^ -  4.040  lb. 
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378  DESIGN  OF   REINFORCED  CONCRETE  BRIDGES.  Chap.XXI. 

The  maximum  live  load  Bhear  Eor  the  uniform  load  ol  us  lb.  per  sq.  (t.  of  roadway  is 

Yt.  =  i(.iy>  X  U5>  X  16  -  1,300  lb. 

which  is  less  than  that  due  to  the  concentrated  toad  so  need  not  be  conudered. 
The  dead  load  shear  per  foot  width  of  Blab  is 

Kb  -  1  X  an  X  18  -  1,900  lb. 
The  total  shear  per  foot  width  of  slab  is  ' ' 

V  -  4,040  +  1,900  -  5,940  lb- 
It  shear  considering:  d  —  12  in.  at  curb  ia 


5.940 

'  bjd  "  "'^ft-d"  '■'='12  X  12 


bond  considering  every  third  bar  as  bent  up  is 

(67) 

This  value  for  bond  stress  is  calculated  on  the  bauB  of  a  simply  supported  beam  and  refers  to  the 
eteel  in  the  bottom  of  the  stab,  bo  applies  inside  of  the  point  of  contra-llexure  where  the  shear  is 
slightly  less  than  considered  and  where  the  bent-up  bars  are  at  the  bottom  of  the  slab.  The  steel 
on  top  and  at  the  end  will  have  a  bond  stress  of  |  X  95  ••  142  lb.  per  sq.  in.  The  rods  bent  up 
into  the  girder  will  decrease  this  somewhat. 

Shear  reinforcement  will  be  provided  as  shown  in  the  detail  in  Fig.  34,  so  the  slight  excess  of 
the  maximum  shear  over  the  allowable  value  will  be  taken  care  of.  The  ends  of  the  tensioD  re- 
inforcement will  be  hooked  to  provide  additional  bond  strength. 

5.  DESIGN  OF  GIRDERS.— The  prders  are  to  be  designed  for  a  uniform  live  load  of  125 
lb.  per  sq.  ft.  of  roadway.  Allowing  30  per  cent  for  impact,  the  live  load  for  one  girder  is 
1.30  X  laS  X  8  =  1,300  lb.  per  lin.  ft. 

The  girder  will  be  assumed  as  having  a  section  66  in.  X  33  in.  in  calculating  the  dead  ktad 
stresses,  ^ving  a  load  of  1,510  lb.  per  ft.  of  girder.     The  slab  and  wearing  surface  weigh  311  lb. 
per  sq.  ft.  or  31 1  X  8  "  1,6901b.  per  lin.  ft.,  making  a  total  dead  load  of  1,510  +  1,690  =  3,300 
lb.  per  lin.  ft.  per  girder. 
The  maximum  live  load  bending  moment  per  girder  and  Including  30  per  cent  impact  is 

Mi,  =  iw-P  -  i  X  1,300  X  35'  -  199.600  ft.-lb. 
The  dead  load  bending  moment  per  girder  is 

Md  -  ivP  -  1  X  3.200  X  35'  -  490.000  ft.-lb. 
The  total  bending  moment  per  girder  is 

M  =  199,600  +  490,000  -  689,600  ft.-lb.  -  8,375,300  in.-lb. 

The  depth  to  the  center  of  the  reinforcement,  required  by  the  unit  stresses  given  in  the 
specifications  is  ^^_^__ 

d  -  O.096S  -y/y  -  0.0905  ^.1^5.'°?  _  59.25  in,  (5c) 

making  a  total  depth  of  59^  +  a  -f  3  =  64!  in.  if  two  layers  of  bars  ^nced  4  in.  c.  to  C.  are  used, 
and  the  distance  from  the  bottom  of  the  beam  to  the  center  of  the  lower  layer  of  barB  is  made 
3  in.  A  total  depth  of  65  in.  will  be  used,  making  the  depth  to  the  center  of  the  steel  ij  —  60  in- 
This  section  is  so  near  the  assumed  section  of  66  X  23  in.  that  no  revision  in  the  dead  load  moment 
will  be  made. 
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The  area  o(  steel  required  to  <levek>p  this  section  is 

A  —  o.oojjb-d  -  0.0077  X  22  X  60  ■  lo.a  sq.  in. 
for  the  unit  •tretaea  given  in  the  apecificationt.     Eight  i^-in.  square  bars  provide  an  area  of  10.20 
■q.  in.  and  will  be  used,  and  will  be  placed  in  two  layers  4  in.  apart  c.  to  c.     The  bars  may  be 
spaced  5  in.  c.  to  c.  and  allow  3)  in.  between  the  centers  of  the  outside  bars  and  the  edges  of  the 

The  live  load  end  shear  is 

Vl  -  ijvl  -  1  X  1,300  X  35  -  23,750  lb. 
The  dead  load  end  shear  is 

Fd  =  jw-'  -  i  X  3-20O  X  35  -  56.000  lb. 
The  total  end  shear  is 

V  -=  32,750  +  56,000  -  78.750  lb- 
The  maximum  unit  end  shear  is 

^•-sT3-'«ra-''=sTf6-'»"''-"<"»-  <"> 

which  require*  that  shear  rdnforcement  be  used.  This  will  be  calculated  after  the  bond  stress 
has  been  determined. 

If  the  top  layer  of  the  tensile  reinforcement  be  bent  up  to  assist  in  carrying  the  shear,  the 
maximum  linit  bond  stress  is 

'■-x^i-"^£i"'^wi^ -'"""">■■'■•■         '«> 

the  depth  to  the  center  of  the  lower  layer  of  the  bars  bdr^  62  in.  The  ends  of  these  bars  will  be 
hooked  to  give  additional  bond  strength. 

In  order  to  determine  at  what  points  bars  may  be  bent  up  and  still  provide  sufficient  tensile 
reinforcement  the  bending  moment  diagram  should  be  drawn,  as  shown  in  Fig.  24. 

The  equation  for  the  bending  ntoment  at  any  point  due  to  a  uniform  load  is 

it.  -  iwix  -  i»-i'  -  Mu  -  «•) 

where  »  •-  load  per  foot  of  length  and  x  —  distance  in  ft.  from  the  support  to  the  point  considered. 
The  total  load  per  foot  is 

to  -  3,200  +  1,300  ■  4,500  lb. 
when  *  -  5,  M,  -  2,250  (35  X  5  -  25)  -  34i,ooo  ft.-lb. 

when  *  -  10,  ii,  -  2,250  C35  X  10  -  100)  -  568,000  ft.-lb, 

when  *  -  17.S,         U,  -  2,250  (35  X  17-5  -  '7-5')  ■  689,600  ft.-lb. 

as  previously  calculated. 

In  order  to  calculate  the  stresses  in  the  web  reinfmcement  the  shear  diagram  should  be  drawn 
at  shown  in  Fig.  24. 

The  equation  for  the  maximum  shear  at  any  point  is 

I'. -^c -*)•+?«-«) 

Wl  -  1,300;        Wd  -  3.300;        *  -  35  ft. 
when  X  -  5,  V.  -  ^^  X  3o»  +  1,600  X  25  -  56,700  lb. 

*  -  10,  K,  -  i^  X  25*  +  1.600  X  15  -  35.640  lb. 

*  -  17.5  y.  -  '-^  X  '7-5'  +  1,600  X  o  -  5.700  lb. 
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380  DESIGN  OF  REINFORCED  CONCRETE   BRIDGES.  Chap.  XXI. 

The  shear  which  may  be  carried  by  the  concrete  without  exceedii^;  40  lb.  per  oq.  in.  is 

V,  -/,   bj-d  -  40  X  2a  X  0.87s  X  60  -  46,300  lb. 

which  locates  the  point  A  at  which  web  rEinforcement  begins  to  be  necessary.    The  web  rein- 
forcement is  considered  as  taking  }  of  the  total  shear  from  this  point  to  the  end  of  the  beam. 


jrsft6S9O0O!t.lb. 


fral  Axis  


ib) 


The  stresses  in  the  bent-up  bars  arc  determined  by  drawing  ^B  and  DCat  the  an^  at  which 
the  bars  are  to  be  bent. 
From  C  lay  off 


and 


Br.'-: 


78.750    „ 

0.874  X  60 


■  58«  lb. 


3jrf      3      0.874  X60 
DrawEF. 

It  is  evident  from  the  moment  diagram  that  two  bars  can  be  bent  up  at  a  and  two  more  at  &. 
Bending  the  bars  up  at  these  points  gives  a  good  distribution.  The  line  GH  is  to  drawn  that  the 
bars  projected  will  pass  at  nearly  as  posoibie  through  the  centroids  of  the  corresponding  area*. 
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The  Btreoe  in  the  two  bare  nearest  the  end  is  given  by  the  area  BCGB  which  is 
1,010  +  760  ^  ^  ^  j^  jj  __  ^^^  ^^ 

or  16,000  lb,  per  bar,  which  produces  a  unit  atreaa  of  16,000  -i-  1.27  =  ia,6oo  lb.  per  sq.  in.  in  the 
bars  towards  the  end.  The  stress  in  the  bare  towards  the  center  of  the  girder  is  given  by  the 
area  CHFB  which  is 

?^5?«X2.3X..  =  18,600  lb. 

or  9,300  lb.  per  bar,  which  produces  a  unit  stress  of  9,300  +1.37-  7,300  lb.  per  sq.  in. 

The  allowable  stress  in  web  reinforcenient  is  I3,ooo  lb.  per  sq.  in.  ao  one  set  of  bare  is  over- 
Btresaed  600  lb.  per  sq.  in.  Vertical  stirrups  will  be  (mtvided  to  take  care  of  this  excess  and  to 
make  the  beam  more  reliable. 

The  length  of  embedment  required  to  develop  the  stress  :n  the  bent-up  bars  which  are  most 
severely  stressed  is 

^     ia,6oo  X  i.ias  _  „  - 
'4/.  4  X  80  «  "• 

Considering  0.6  the  depth  of  the  beam  as  effective  in  embedding  the  bar,  the  actua]  length  ct 
embedment  is  60  in.  as  shown  in  Fig.  34. 

6.  Detail  Drawings. — The  detail  drawings  of  this  bridge  are  shown  in  Fig.  25.  The  bill  oE 
bare  showing  the  number  of  bare  and  the  diraeosions  for  bending  is  included  on  this  sheet. 
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CHAPTER  XXII. 

Design  of  Culverts. 

Ttp«  <rf  Ctdrert — ^A  culvert  may  be  defined  aa  a  biidge  of  ihort  span.    The  r 
limit  of  the  span  of  a  culvert  is  usually  placed  at  lo  feet.     Culverts  may  be  divided  into  (i)  pipe 
culverte;   (l)  box  culverts;    (3)  bridge  culverts;   {4)  arch  culverts. 

DESIGN  OF  CTFLVERTS. — The  discharge  of  a  culvert  depends  upon  the  size  of  the  culvert, 
the  grade  of  the  culvert,  the  intake,  the  outlet,  and  the  rewstance  of  the  barrel  of  the  culvert  to 
flow  of  water.  Culverts  will  dischai^  very  much  more  under  a  head  than  when  flowing  as  an 
open  conduit.  The  water  should  not  be  permitted  to  back  up  to  give  a  head  on  the  inlet  of  the 
culvert  unless  the  embankment  is  water  tight.  Care  should  be  taken  in  constructing  a  culvert 
to  cut  off  the  flow  of  water  along  the  barrel  of  the  culvert  by  means  of  projections  and  ofTaets. 

Slie  of  CulTerts. — The  area  of  waterway  required  for  a  culvert  depends  upon  the  maximum 
rate  of  rainfall,  the  size  and  shape  of  the  watershed,  the  character  of  the  soil  and  the  grade  and 
channel  of  the  stream.  Culverts  placed  in  a  "  concrete  dip,"  Chapter  XXI  are  not  deeigned  for 
maximum  run-off. 

While  various  empirical  formulas  have  been  proposed,  the  size  of  waterway  should  always  be 
checked  bynotingtheefliciencyofculverts  in  the  vicinity.  Thebest  formula  to  use  Tor  thecalcuta- 
tion  of  the  size  of  culverts  is  Talbot's  formula  given  in  Chapter  XX. 

Length  of  Ctifrert.— The  length  of  the  barrel  of  the  culvert  is  determined  by  the  width  of 
the  roadway  and  height  of  the  fill.  The  slope  of  the  till  should  be  taken  as  1  vertical  on  1 )  hori- 
■ontal.  The  roadway  should  Jbe  the  full  width  over  culverts.  The  length  of  culvert  required 
by  the  Iowa  Highway  Commission  is  given  in  Chapter  IX. 

Bod  Walls. — The  end  walls  may  be  flared  with  wings  running  back  to  take  the  fiU;  may 
have  end  walls  parallel  to  the  roadway,  or  where  there  is  much  drift  the  end  walls  may  be  stepped 
and  run  out  parallel  with  the  axis  of  the  culvert.  The  drift  will  lodge  on  the  steps  but  will  not 
choke  the  culvert.  The  wing  end  walls  make  a  better  inlet  and  give  a  greater  flow  than  the  other 
types  of  end  wall.     Where  there  is  danger  from  scour  the  culvert  should  have  a  floor. 

Pressure  in  Trenches. — The  pressures  of  the  filling  on  |Hpes  and  other  forms  of  culverts 
in  trenclies  depends  upon  the  character  and  condition  of  the  fill,  the  shape  and  size  of  the  trench, 
and  the  condition  of  the  sides  of  the  trench.  The  calculation  of  the  (vessures  of  the  fill  in  trenches 
is  practically  the  same  problem  as  the  calculation  of  the  pressures  in  bins.  The  pressure  in 
trenches  may  be  calculated  by  u^ng  the  formulas  and  data  given  in  (7),  Fig.  1.  From  this  dis- 
cussion it  will  be  seen  that  tbe  pressure  will  be  decreased  by  laying  the  |npe  in  a  narrow  trench 
dug  in  the  bottom  of  the  main  trench;  the  shoulders  acting  as  bearing  blocks  to  carry  the  fill. 

A  series  of  experiments  on  the  pressures  in  trenches  has  been  made  at  Iowa  State  College  of 
J^riculture  and  Mechanic  Arts,  and  are  published  in  Bulletin  No.  31,  of  the  Experiment  Station. 
The  (M«ssures  obtained  in  the  above  experiments  check  with  those  given  by  the  author's  formula 
quite  cloaely. 

The  analysis  in  (7),  Fig.  1,  assumes  that  the  fill  has  recently  been  placed  in  a  trench.  With 
dry  sand  after  final  settlement  the  width  of  trench,  b,  should  be  taken  equal  to  the  outside  diameter 
of  the  pipe.  With  clay  with  some  cohesion  the  fill  after  Gikal  settlement  will  be  partially  self- 
supporting  and  the  pressures  will  be  decreased.  For  a  concentrated  load  carried  on  the  fill  the 
load  will  be  distributed  over  a  width  greater  than  the  width  of  the  concentrated  load.  The  pres- 
sures will  all  be  contained  within  an  area  made  by  the  angle  of  repoae  of  the  fill  with  a  vertical 
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Fig.  I.    Stresses  in  Culverts  and  Pressures  on  Culverts. 
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Fig.  3.    Stresses  in  Rigid  Frames,  Pin-Coxnectsd  at  Base. 
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Fig.  3.    Stresses  in  Rigid  Fkaubs,  Fixed  at  Bass. 
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STRESSES  IN  BOX  CULVERTS.  387 

plane.  The  pressurea  will  decrease  from  the  center  to  the  outvde.  It  is  cominoa  to  assume  that 
the  live  load  ia  carried  down  at  an  angle  of  one  vertical  to  on^haK  horizontal,  and  is  uniform  on 
any  horizontal    section. 

StresMS  In  Clrcalar  Pipe. — The  stresses  in  circular  [npe  may  be  calculated  by  means  of  the 
formulas  given  in  Fig.  i.  The  vertical  and  horizontal  pressures  are  calculated  at  the  center  of 
the  pipe,  and  are  assumed  as  being  equal  to  the  pressures  at  the  top  and  bottom  of  the  [»pe.  The 
usual  cases  are 

1.  Single  concentrated  load,  P,  at  top  and  bottom;  M  —  0.159  ^^  under  the  loads,  and 
M  =  —  0.091  Pd  at  the  ends  of  the  horizontal  diameter. 

2.  Uniform  vertical  load,  w,  over  entire  diameter,  top  and  bottom;  it  ••  o.o635tptf  at  middle 
of  top  and  bottom,  and  M  =  —  0.0625  vdf  at  the  ends  of  the  horizontal  diameter. 

3.  Uniform  vertical  load,  w,  over  one-fourth  the  circumference,  top  and  bottom:  M  —  0.059S 
ml*  at  middle  of  top  and  bottom,  and  M  —  0.0544  '"^  a'  ^he  ends  of  the  horisontal  diameter. 

4.  Uniform  vertical  load,  p,  over  one-fourth  the  circumference  top  and  bottom,  and  uniform 
horizontal  load,  q,  over  one-fourth  the  circumference  on  both  sides  and  M  —  +  0.059S  p^  —  0.0544 
q^  at  middle  of  top  and  bottom,  and  M  "  O.0598  ^  —  O.0544  p<P  at  the  ends  of  the  horizontal 
diameter.  Since  the  ratio,  k,  of  lateral  to  vertical  pressure,  varies  from  0.15  to  0.4,  the  lateral 
[H«ssures  do  not  materially  reduce  the  pressures.  Case  4,  however,  shows  the  importance  of 
proper  bedding  of  the  pipe.  Due  to  the  uncertainty  of  the  horizontal  bedding,  [Mpe  culverts 
should  be  designed  for  vertical  pressures  only. 

Stresses  in  Box  Cnlverts. — The  etreaaes  in  box  culverts  with  a  closed  frame  are  given  in  Fig. 
I.  In  the  calculations  J  —  span  of  frame  c.  to  c.  side  walls,  and  h  —  height  of  frame  c.  to  c.  top 
and  bottom  walls.  The  top  and  bottom  walls  are  assumed  to  have  the  same  cross-section  and 
moment  of  inertia. 

Stresses  in  box  culverts  without  a  floorbeam  and  with  lower  ends  of  ude  walls  free  to  turn, 
pin-connected,  are  given  in  Fig.  2.    Case  3  represents  the  bopEontal  pressure  due  to  a  concentrated 


Fig.  4.    TiHBEK  Box  Culvbkt.  Fig.  5.    Tihbek  Culvbrt. 

load,  which  is  assumed  as  a  uniform  horizontal  load.  In  desgn  the  horizontal  load  shcHild  be 
assumed  to  act  on  both  sides.  Case  4  is  for  earth  pressure  as  in  a  retaining  wall,  for  which  see 
Chapter  XIX.  In  case  5,  the  effect  of  concentrated  loads  and  earth  pressure  acting  on  both  sides 
have  been  combined. 

Stresses  in  box  culverts  without  a  floorbeam,  but  with  the  lower  ends  of  the  side  walls  fixed 
in  place  are  given  in  Fig.  3.  The  stresses  due  to  both  concentrated  loads  and  earth  pressure  on 
both  sides  may  be  obtained  by  adding  the  moments  on  both  sides  in  3  and  4,  Fig.  3.  Unless  the 
footings  aie  very  rigid  it  is  the  best  jxactice  to  assume  that  the  side  walls  sre  free  to  turn  at  the 
base,  and  design  for  the  lai^r  stresses  given  in  Fig.  a.  ^-  ■ 
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Timber  CuWerts. — For  temporary  culverts  the  timber  box  culvert,  as  shown  in  Fig.  4,  or 
the  timber  culvert,  as  shown  in  Fig.  5,  may  be  used.  Tlie  bottom  of  the  culvert  in  Fig.  5  should 
be  paved  to  prevent  scour.  Unless  care  is  used  to  carefully  tamp  the  filling:,  the  wat«r  will  Row 
along  the  udea  of  both  of  the  culverts  shown.  Timber  culverts  are  very  unsatisfactory  and  in 
the  long  run  are  very  expensive. 

Pipe  CtilvertB. — Vitrified  clay,  cast  iron,  steel  plate,  corrugated  steel  and  concrete  pipes  are 
used  for  culverts.  Pipe  culverts  should  be  laid  on  a  firm  foundation  to  a  careful  grade.  The 
center  should  be  raised  so  that  there  will  be  no  hollows  in  the  pipe.  Head  walla,  preferably  of 
masonry  or  concrete  should  extend  high  enough  to  cany  the  fill,  and  should  be  carried  down  far 
enough  to  prevent  the  water  from  following  along  the  outside  of  the  pipe.  The  pipe  should 
preferably  be  laid  in  concrete.  The  depth  of  cover  required  by  the  diSerent  types  of  culvert 
are  given  in  Table  IV,  and  Fig.  6. 

TABLE   1. 
Vitrified  Clay  and  Reinforced  Concrete  Culvert  Pipe.    U.  S.  Bureau  of  Public  Roads. 


Dinm., 

Vitrified  Cl»y. 

ConcTMe.                                                     1 

Thick- 

IKUOF 

Sh.ll. 

Lenglhof 

FiKlioil. 

Fl.  In. 

Lb. 

DBi«d 

'-«— !*•       \r,. 

Weighl  per  Sq.  Fl. 

A.  S.  &  W.  Co.".  Siyli.        1     "■■ 

IS 
18 
24 
30 
36 

2     6 
2     6 
2     6 

2  6 
J      0 

3  0 

5° 

70 

180 
290 

100 

i 
I) 

.4  lb.  in.  layer    No.    3-    .44  lb.  per  sq.  f,.;      85 
■S  lb.  in  1  layer    No-    2  =    .a  lb.  per  sq.ft.     120 
.6  lb.  in  2  layers  No.    5  =    .63  lb.  per  sq.  ft.     160 
.8  lb.  in  2  layers  No.    4  =    -80  lb.  per  sq.  ft.     263 
1.0  lb.  in  2  layers  No.  25  =  i.oi  lb.  per  »q.  ft.     365 
1.2  lb.  in  2  layers  No.  42  =  1.2O  lb.  per  sq.  ft.     coo 

"Double  Strength"  Salt  Glazed. 

Usual   length  of   section   is  4  ft.    Tongue  and  gioOTe, 
taper  or  socket  ioiots  may  be  used.    Weishts  eiven  do  not 

inSndeweighu  of  joints. 

TABLE  II. 
Cast  Iron  Ci^-vert  ftpE. 
d  Cast  Iron  water  pipe.  Class  "A,"  which  is  the  lighest  weight.     (American  Waterworks 

Standard  Specifications.) 


,..-.»,™..,., 

Thlcknn.  ot  Shell 

Dtpib  of  SockM, 

Wdgh. 

Lb. 

In 

In. 

PerFl. 

i^l^.S«.k«i. 

12 

0.8 

-54 

4 

72.5 
89.1 

870 

\i 

1-4 

4 

108.3 

1,300 

:S 

129.2 

i.SSO 

•      24 

3' 

4. 

204.1 

M50 

30 

4-9 

291.7 

3.S<» 

-99 

4,7a> 
6,150 

41 

s 

St2.s 

48 

1.26 

S 

166.7 

8,000 

Vitrified  Clay  Pipe  Culverts. — Vitrified  clay  {Ape  is  made  in  single  and  double  strength  or 
culvert  pipe.  The  double  strength  pipe  should  preferrably  be  used  for  culverts.  The  pipe  should 
be  laid  in  a  trench  rounded  off  to  fit  the  pipe  with  the  bells  up  stream.    The  joints  should  be 
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PIPE  CULVERTS.  3i 

TABLE   m. 
RiVBTED  AND  Corrugated  Steel  Culvert  Pipe.     U.  S.  Bureau  op  Pubuc  Roads. 


Inidc 

^^■ 

R>.<.«IS.„I. 

tomig.tcd  Sl«l                            1 

R]» 

cu. 

Tfa>ck 

tu  of  SiHl. 

"S* 

MiB.  IHim.. 

Mu.  Piich. 

C.f* 

ii 

11 

4  9 
7.. 

1 

4 
S 

1 

40 

70 
130 

16 
16 
16 
14 
14 

.0615  =  A 
J36JS  -  A 
■07B1  -  A 
.0781  =  A 
■tow- A 

11 

6nade  gtmrglly  to  Mhw  shpt  <f  sfitam 
tksipabh  limffs  %%  rt-  4% 

5ECTI0t1  OFROAmAY  SHmitiS  OESIRME 

mmuM  Offms  of  Fin  omr  cuimis 


Fig.  6.     Mihihuh  Depth  • 


'  Fill  on  Pipe  Culverts.    U.  S.  Bureau  Public  Roads. 
(See  Table  IV. 


uiiiB. 

c«i  1™. 

RiYCU 

SihL 

ViuiGtd  Ctay. 

i:«cr.... 

luid* 
Diwn. 

C.      ]      s. 

<:.     1     s. 

c.          s. 

c. 

s. 

c. 

S. 

in. 

ft.  in. 

in 

ft.  in. 

in 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft  in 

in 

in 

S 

I     6 

S 

I     6 

I      6 

s 

1    0 

8 

% 

I     0 

I     0 

8 

8 

18 

I    0 

8 

I     6 

s 

1     6 

8 

18 

I     0 

1     0 

8 

8 

B 

.6 

I    6 

8 

J    0 

S 

3     0 

J  0 

I     6 

8 

36 

I    9 

4» 

4H 

1    0 

48 

Note:  If  the  material  io 

the  fin 

mitaini 

much  clar,  «ilt  0 

loam  in 

create  the  above 

depths 

by  4  in. 

calked  with  1-3  Portland  cement  mortar.  The  earth  should  be  well  tamped  around  and  over  the 
pipe,  and  in  no  caK  should  (he  wheeb  of  wagons  be  permitted  to  come  nearer  to  the  top  than  the 
diameter  of  the  pipe.  Both  ends  of  the  pipe  should  be  protected  by  masonry  or  concrete  head 
walli  as  shown  in  Figs.  7  to  9. 

The  common  siks,  weights  and  dimmaions  of  vitrified  clay  (upe  are  given  in  Table  1. 
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TABLE  V. 
DiHsksioNs  AND  Estimated  Quantities.    Straigbt  Endwaixs  fob  Pipe  Culverts,  Fig.  7. 


Concnw  Id  Ou  EdiI  Will, 

Op«i-i. 

Wdl. 

Fo«iBg. 

i:$;tUi*um. 

VM. 

Foot™,. 

ToaL 

si-Fi. 

Oi.  F.. 

Cu.Yd. 

in. 

ft.  in. 

ft.  Id. 

ft.  in. 

ft.  h. 

ft.  in. 

12 

0.8 

m 

i  S 

1.8 

«     3 

IJ.6 

14-4 

14 
30 

4'9 

3    6 

;  t 

2         2 

:  J 

22-3 

34-7 

2I.J 

3i-S 

m 

't 

16 

I       S 

jo-s 

97.1 

\i  I 

70.3 

70.0 

140,3 

5.20 

4S 

■" 

S    0 

2       I 

i      9 

2  0 

96.9 

i84/» 

6.85 

TABLE  VL 
DniENSiONS  and  Estimated  Quantities.     Pipe  Culvert  Ehdwalls  with  45"  Wings,  Fig.  8. 


QiHiidd«lnOuEadW.U.                          | 

Op«lDg. 

Wiai. 

FooUdb 

x-.f.f.  Coocmc. 

SMriTtoKod.. 

a™. 

W.I1. 

FoDliBl. 

Tot.1. 

S-l.  F.. 

B           ~ 

Cu.Ft 

Oi.Yd. 

in. 

ft.  in 

ft.  in 

ft.  in. 

ft.  in. 

ft.  in 

iS 

1.8 

•     3 

10.7 

■74 

H 

1-1 

1    0 

4      4 

'     1 

:  t 

IM 

'4-4 

S7.1 

30 

4-9 

4     W 

I     9 

;?:8 

'■34 

2,     "♦     2  ft.  bng 

7" 

4    0 

S       4 

24.6 

47.2 

I-7S 

2.    "♦     3  ft.  bus 

+a 

0.6 

4    6 

3       6 

61.7 

2-16 

2,    "♦     .  ft.  bag 

48 

S    0 

6      4 

4      0 

%  0 

35-9  1   39-' 

7S'0 

2.78 

%,    "*     3  ft.  bng 

TABLE  VII. 

DlHBNSIONS  AND    ESTIUATBD  QUANTITIES.      PiPE    ClTLVERT   EndWAU.9   WITH   U-TVPB   WiNGS, 

Fig.  9. 


Quutidn  1.  0«   Cd  Will.                              1 

Opcpiv. 

W.11. 

FooUng. 

t:j:6  Coik™.. 

Si«l  Tit  Rodk 

Arc 

W.1I. 

r««iB, 

TouJ. 

Sq.Fi. 

ft.    in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

IS 

0.8 

3      8 

2    3 

I    S 

i     3 

«     3 

»      7 

6.6 

8.1 

7-3 
9.1 

139 
17-4 

% 

none 

18 

1.8 

10.7 

20.6 

■li 

noftt 

H 

3" 

3    0 

13.9 

»SS 

29.4 

1.09 

2.    "•    2  ft.  long 
2,    "*    i  ft.  long 

4-9 

3    3 

4      5 

18.7 

16 

7-1 

S      8 

t     9 

14.2 

S04 

1.87 

2.    "♦    2I  ft.  long 
2,    "♦    2I  ft.  loni 

4i 

S     "I 

30.3 

33» 

2.3  s 

5    0 

5     6 

2    0 

37-3 

39.6 

76.9 

2.8S 

2,    "*    J  ft.  long 
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CotKRETE  EilDWALL 

FOR  PIK  aiLvm 

(smusHT) 


CWiaiETE   EtiOWML 

mfinaiLvm 
(with  m'mms) 


7.    Straight  Concketb  Endwall    Fig.  8.    Concrbtb  Ekdwall  fok  Pipe  Culverts, 

FOR  Culverts,  with  45°  Wings. 

U.  S.  Bureau  of  Public  Roads.  U.  S.  Bureau  of  Public  Roads. 
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9.    Concrete  Endwalls  for  Pipb  Cui^ 
VERTS,  WITH  U-type  Wings. 
U.  S.  Bureau  of  Public  Roads.       * 


Cu.  Yd  CoiKPett  In  Ont  mil 

CimmRAmE  r/maGE,  yaskhis  mts  of  Eiwtims 

Fig.  jo.    Contents  of  Endwalls. 
U.  S.  Bureau  (w  Public  Roads. 
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Cast  Iron  Pipe  Cuiverls, — Cast  iron, pipe  for  use  in  culverts  can  be  obtained  in  i2-ft.  lengths, 
in  3-ft.  lengths,  or  in  sectional  form,  the  sections  being  bolted  together  in  place.  Cast  iron  i^pe 
can  be  laid  nearer  the  surface  than  vitrified  clay  pipe  and  is  not  damaged  by  freezing  water. 
Cast  iron  pipe  should  be  laid  in  the  same  manner  as  clay  pipe  and  should  have  substantial  end 
walls.  Cast  iron  pipe  is  made  wich  different  weights  per  foot,  the  lighter  weights  being  ordinarily 
used  for  culverts.     The  weight  per  foot  for  cast  iron  pipe  is  given  in  Table  II, 

Steel  Plate  Pipe  Culverts, — Culverts  are  made  of  steel  plates  riveted  in  a  circular  or  semicircular 
form.  Plate  pipe  culverts  should  be  laid  with  care  and  should  have  masonry  head  walls.  The 
plates  should  be  not  less  than  i^  in.  thick  for  small  sizes,  and  up  to  1  in.  for  culverts  4  feet  in 
diameter  and  over,  see  Table  III.  The  fill  should  extend  above  the  top  of  the  pipe  a  distance 
as  given  in  Table  IV,  and  should  be  well  tamped  around  the  sides.  In  estimating  the  cost  o(  steel 
pipe  culverts  add  10  to  15  per  cent  to  the  weight  of  the  plates  to  cover  the  laps  and  the  rivets. 
The  freight  rates  on  culvert  pipe  are  liable  to  be  high,  due  to  the  fact  that  it  is  dilticult  to  get 
sufficient  weight  on  a  car  to  give  a  minimum  car  load  unless  the  pipes  are  of  different  si^es  and 
can  be  nested.  Data  for  riveted  steel  culvert  pipe  as  prepared  by  the  U.  S.  Bureau  of  Public  Roads 
are  given  in  Table  III. 


Cnis*     Ssctlon.  Longttuldinal     &«ction. 

Fig.  II.     Reinforced  Cokcrete  Culvert  Pipe,  C.  B.  &  Q.  R,  R, 

Comgated  Steel  Pipe. — Culvert  pipe  made  of  corrugated  metal  sheets  makes  a  very  satis- 
factory culvert  where  the  soil  is  not  corrosive  and  where  there  is  adequate  cover  over  the  jripe. 
The  depth  of  cover  required  for  corrugated  metal  culvert  pipe  is  given  in  Table  IV.  Corrugated 
metal  pipe  is  ordinarily  made  of  structural  steel  containing  a  small  percentage  of  copper,  or  of  one 
of  the  so-called  "pure  irons."  With  data  now  available  it  would  appear  that  the  "pure  irons" 
have  no  advantage  in  resisting  corrxision  over  mild  structural  steel,  and  are  inferior  to  high-grade 
copper  steel. 

Specificalions  for  Corrugated  Metal  Pipe. — The  Minnesota  State  Highway  Department  speci- 
fies that  all  corrugated  metal  pipe  shall  be  cither  mild  structural  steel  contaimng  not  less  than  two 
tenths  per  cent  copper;  or  "ingot"  or  "pure"  iron.  All  materials  shall  be  gal vaniied  with  pure 
zinc  coatine  of  uniform  thickness  without  imperfections.  The  coating  of  one  square  foot  of  plate 
on  both  sides  shall  contain  not  less  than  ij  ounces  nor  more  than  2i  ounces  of  pure  zinc.  All 
metal  shall  be  branded,  (l)  with  name  of  manufacturer,  {2)  with  name  of  brand,  (3)  with  g^e. 
Rivets  shall  lie  of  same  material  as  sheets  and  shall  be  galvanized.  Rivets  shall  not  be  spaced 
closer  than  two  diameters  of  rivet,  shall  be  driven  cold,  and  shall  have  full  size  heads.  ComiKa- 
tions  shall  not  be  less  than  li  in.  nor  more  than  3  in.  center  to  center,  with  a  depth  of  j  inrior 
2)-in.  and  J  in.  for  3-in.  corrugations.  The  ends  of  culverts  shall  be  reinforced  with  a  galvanized 
metal  band,  riveted  to  the  culvert  at  inter\-als  of  10  in.  or  less.  This  band  shall  be  the  equivalent 
of  I  in.  X  I  in.  for  No.  16  gage  metal,  |  in.  X  li  tn.  for  No,  14  and  No,  13  sage  metal,  and  }  in. 
X  li  in.  for  No.  10  gage  metal.  The  thickness  of  metal  shall  be  not  less  than  No.  16  gage  for 
i6-in.  diameter  pipe  and  smaller;  No.  14  ^ge  for  over  i8-in.to30-in.  pipe;  No.  lag^efor  over3o-in. 
to  48-in,  pipe;  No.  10  gage  for  over  48-m.  to  60-in  pipe.  Metal  culverts  over  48  in.  shall  not  be 
used  without  special  strengthening.  All  joints  shall  be  lap  joints.  Longitudinal  joints  shall 
lap  not  less  than  2  in.,  and  shall  have  a  rivet  at  each  corrugation.  Circumferential  shop  seams 
shall  lap  one  corrugation  and  shall  have  rivets  spaced  not  more  than  10  in.     Field  joints  shall  Ik 
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7  30  in.  diameter,  and  1 1 
leaa  than  i  in.  X  i  in., 
uitably  protected  metal. 


same  material  as  the  pipe;  shall  be  not  less  than  S  in.  wide  (or  pipe  up  ti 
in.  wide  for  larger  sizes.  Field  bands  shall  be  provided  with  bands  not 
with  i-in.  bolts.     All  connections  shall  be  of  galvanised  or  otherwise  s 

Reinforced  Concrete  Pipe  Culverts. — Details  of  a  reinforced  concrete  pipe  for  culverts,  as 
dewgned  by  C.  H.  Cartlidge  for  the  C.  B.  &  Q.  R.  R.,  are  shown  in  Fig.  1 1,  while  the  forms 
for  molding  a  similar  pipe  are  shown  In  Fig.  12,  The  relative  coats  of  cast  iron  and  reinforced 
concrete  pipe,  as  given  by  Mr.  O.  P.  Chamberlain  in  Eng,  News,  Dec.  ao,  1906,  arc  shown  in 

Table  vrn. 

The  costs  for  reinforced  concrete  pipe  are  low  and  should  probably  be  increased  50  to  lOO 
per  cent  for  ungle  culverts  in  addition  to  the  cost  of  making  the  forms. 


TABLE  VI  li. 
Relative  Costs  of  Cast  Iron  and  Reinforced  Concretb  Pipe, 


Cul  IroD  Pipe 

k. 

Dfotced  Concmt 

Pip.. 

CoMperFoM. 

„ 

8 

J 

S8 

£o.i6 

167 

0.36 

',t 

il. 

ISO 
4SO 

8.13 
14-63 

IS 

JS 

0.68 

.A 

72s 

13,50 

1,131 

1^3 

Fig. 


HoTiicn-Kil  Sacticn. 

Forms  for  Molding  Reinforced  Concrete  Culvert  Pipe. 


Forms  for  molding  reinforced  concrete  culvert  pipe  are  shown  in  Fig-  12. 

Data  for  reinforced  concrete  culvert  pipe  as  prepared  by  the  U.  S.  Bureau  of  Public  Roads 
are  given  in  Table  I. 

Details  of  reinforced  concrete  pipe  culverts  designed  by  the  Iowa  Highway  Commission  are 
given  in  Fig.  13.    Details  of  end  walls  with  wing  walls,  and  with  walls  parallel  to  the  roadway  are 
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BOX  CULVERTS. 


Head  Walls  for  Pipe  CnlTerta. — Head  walls  for  pipe  culverts  may  be  made  with  straight  end 
walls.  Fig.  7.  with  wing  walls  as  in  Fig.  8,  or  with  U-type  wing  walls  as  in  jFig.  9.  Data  for  straight 
end  walla  are  pven  in  Table  V;  for  wing  end  walls  are  given  in  Table  VI,  and  for  U-type  end 
walls  are  given  in  Table  VII,  The  relative  quantities  of  concrete  in  the  three  different  types  of 
head  walls  are  given  in  Fig.  10.  The  [Jans  of  headwalls  described  above  were  prepared  by  the 
U.  S.  Bureau  of  Public  Roads. 
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Fig.  14.    Reinforcbd  Conckbtb  Culvert.    Michigan  State  Highway  Department. 


Box  CnlTortB. — The  box  type  of  culvert  is  especially  suited  to  a  location  where  the  top  of 
the  culvert  is  used  as  the  top  of  the  bridge,  or  where  there  is  a  shallow  hll  on  top  of  the  culvert. 
Box  culverts  when  used  without  top  filling  are  in  fact  short  bridges.  Box  culverts  may  be  used 
without  a  floor  as  in  Fig.  14,  or  with  a  floor  as  in  Fig.  15. 

The  box  culvert  shown  in  Fig.  14  was  designed  by  the  Michigan  State  Highway  Department. 
Standard  plans  have  been  prepared  for  spans  of  6  ft.  to  15  ft.  For  spans  under  6  ft.  a  reinforced 
concrete  slab  is  supported  on  plain  concrete  abutments,  the  reinforcement  at  the  upper  comers 
being  omitted. 

Details  of  a  reinforced  concrete  box  culvert  as  deugned  by  the  Iowa  Highway  Commission 
are  given  in  Fig.  15.  Standard  plans  have  been  prepared  by  the  commission  for  box  culverts 
from  3  ft.  by  3  ft.  to  13  ft.  by  I3  ft.  in  cross-section.  The  design  in  Fig,  15,  is  for  wing  walls, 
but  standards  have  been  prepared  for  alternate  designs  with  end  walls  parallel  to  the  roadway. 
Data  for  standard  box  culverts  with  wing  walls  are  ^ven  in  Table  IX. 

Reinforced  CoaerM*  Culverts. — ^The  plans  of  a  retnfcvced  concrete  box  culvert  4'  o"  X  4'  o" 
are  given  in  Fig.  16;  of  a  reinforced  concrete  arch  culvert  8'  o"  X  8'  o"  are  given  in  Fig.  17; 
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Fic  15.    CoNCKETG  Box  CuLVBBT.    Iowa  Highway  Cohhission. 


TABLE  IX. 
Rbinpobcgd  Concrbtb  Box  Culvebts.     Iowa  Highway  Commission. 
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•  Every  Kcond  bar  bent  up  and  turned  down  2'  6"  into  «de  walls. 
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Fig.  i6.     Reinfobced  Conckbte  Box  Culvert,  Great  Northern  Railway. 


Fig.  17.    Reinforced  Concrete  Arch  Culvert,  Great  Ndrthbsn  Railway. 

TABLE  X. 

Relative  Cost  of  Shall  Culverts  of  Appboxiuately  the  Same  Waterway, 

Standard  Sizes.* 
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•  A.  R.  Hirst,  highway  engineer,  Wiiconsn  Geological  and  Natural  History  Survey,  1907. 
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Fig.  i8.     Rbinforced  Concrete  Arch  Culvert,  Grbat  Northern  Railway. 


Fig.  19.     Plans  of  Eight-foot  Plain  Concrete  Highway  Cvlvert,  Porto  Rico. 
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and  of  a  rdnforced  concrete  arch  culvert  of  20'  o"  span  are  given  in  Fig.  18.  These  culverts 
were  deaigned  by  Mr.  C.  F.  Graff  for  the  Great  Northern  Railway,  and  are  strong  enough  to  carry 
from  30  to  40  ft.  of  railroad  embankment.  These  culverts  are  made  heavier  than  is  necessary 
for  ordinary  highway  culverts. 

Plaiii  Ctmcrete  Culverts. — Plans  for  an  8-ft.  plain  concrete  culvert,  as  designed  by  Edwin 
Thacher  for  the  highways  in  Porto  RJco,  are  shown  in  Fig.  19. 

Reinforced  Concrete  Aicb  Colvert — Details  of  a  reinforced  conrete  arch  culvert  of  19  ft. 
span,  as  designed  by  the  Michigan  State  Highway  Department,  are  given  in  Fig.  3o,  Standards 
have  also  been  prepared  for  arch  culverts  with  straight  end  walls  (0°  with  axis  of  etieam). 
Details  and  data  are  shown  in  the  cut. 

Relative  Costs  of  Small  Ctdverts. — The  relative  coats  of  small  culverts,  as  calculated  by 
A.  R.  Hirst,  highway  engineer,  Wisconsin  Geological  and  Natural  History  Survey,  are  given  in 
Table  X. 
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CHAPTER  XXni. 
Design  of  Concrete  Arch  Bridges. 


btroductlon. — An  arch  is  a  beam  or  framework  in  which  the  reactions  are  aot  vertical  for 
vertical  loads.  Arches  are  divided,  according  to  the  number  at  hinges,  into  three-hinged  arches, 
two-hinged  arches,  one-hinged  arches  and  arches  without  hinges  or  continuous  arches.  Solid 
two-hinged  and  continuous  arches  constructed  of  masonry  or  .concrete,  only,  will  be  conwdered 
in  this  chapter.  For  the  analysis  of  a  two-hinged  arch  with  spandrel  bracing,  see  the  author's 
"The  Deagn  of  Steel  Mill  Buildings,"  Chapter  XIV. 

DBFIinilOITS. — The  following  definitions  will  be  of  assistance  in  discusung  arches. 

Skewback. — The  inclined  surface  upon  which  the  arch  rests.  The  term  applies  more  fooperly 
to  the  stone  or  brick  arch. 

Abutment. — A  skewback  and  the  masonry  which  supports  it. 

Soffit — The  under  or  concave  ade  of  an  arch. 

Bkck.-— The  upper  or  convex  side  of  an  arch. 

Sprint^  line  or  Spiog. — The  line  in  which  the  soffit  meets  the  abutment.  The  inner 
edge  of  skewback. 

bitndos. — The  line  of  intersection  of  the  soffit  with  a  vertical  plane  parallel  to  the  roadway. 

BxtradoB. — The  line  of  intersection  of  the  back  with  a  vertical  plane  parallel  to  the  roadway. 

Span. — The  horizontal  distance  between  springing  lines,  measured  parallel  to  center  line  of 
roadway. 

Kiae. — The  vertical  distance  of  the  intrados  above  a  line  joining  the  springing  lines. 

Crown. — The  highest  part  of  the  arch  ring. 

Hannch. — The  portion  of  the  arch  ring  between  the  crown  and  the  springing  line. 

SpandreL — The  space  between  the  back  of  the  arch  and  the  roadway. 

Two-hinged  masonry  or  concrete  arches  are  rarely  used,  but  the  theory  of  this  type  will  be 
deduced  as  preliminary  to  the  theory  of  the  arch  with  fixed  abutments. 
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Chap.  XXHI. 


STRESSES  IN  A  TWO-HIITGED  ARCH.  Rractioiis.— Tbe  vertical  reactions  o(  the 
two-hinged  arch  in  (a).  Fig.  i,  are  the  same  as  for  a  simple  beam  having  the  same  loads  and  span. 
The  horizontal  reactions  will  be  H  —  H,  and  will  be  equal  to  the  pole  distance  of  the  force  polygon 
in  (b)  that  is  used  to  draw  the  true  equilibrium  polygon.  The  value  of  H  depends  upon  the 
elasticity  of  the  arch  and  is  not  statically  determinate. 


Having  calculated  the  vertical  reactitms  Vi  and  Vi  by  means  lA  moments  in  the  usual  manner, 
and  the  horizontal  components  H,  as  will  be  described  presently,  the  equilibrium  polygon  in  (a) 
may  be  drawn  using  the  force  polygon  in  (b)  Fig.  I.  The  requirements  being  that  the  equilibrium 
polygon  must  pass  through  the  hinges,  and  that  the  force  polygon  must  have  a  pole  distance 
equal  H. 

The  bending  moment  at  any  point  in  the  arch  will  then  be  H-t,  where  H  ia  the  pole  distawx 
of  the  equilibrium  polygCHi,  and  (  is  the  intercept  from  the  point  at  which  the  moment  is  to  be 
determined  to  the  string  PiP*.  The  shear  on  the  section  o(  the  arch  ii»-w  will  be  5„  while  the 
direct  axial  stress  will  be  i*,  as  shown  in  (b)  Fig.  i. 

Calculation  of  Horizontal  Reaction,  H. — Now  for  equilibrium  in  the  two-htnged  arch  in 
Fig.  2,  the  span  must  remain  constant.  This  tclaticm  will  be  expressed  in  the  form  of  an 
equation  of  condition. 


In  Fig.  3  assume  that  the  arch  ring  b  ri^d  except  the  length  dt  which  bends  under  the  action 
of  some  external  loading.     Now  the  point  C  will  move  to  E  if  the  arch  be  not  constrained,  the 
horizontal   deformation  beii^  CD  =  dx,  and  the  vertical  deformation  being  ED  •=  dy.     Tbe 
angle  CBE  ~  d^. 
Then 

CB  =  BC-Ap 
BC  -  yaeca 
dx  =  CE-eosa 

-  yd*  0) 

Now  in  a  beam,  as  in  Fig.  3,  the  stresses  at  any  point  in  the  beam  will  vary  as  the  distaace 
from  the  neutral  axis,  and  from  similar  trian^es  we  have 
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RA-cis  (3) 

Now  if  5  is  the  fibei  MreM  on  the  extreme  fiber,  and  E  a  the  modulus  of  elasticity,  we  have 
A  :  5  ::  <b  :  £,  and 

A-E  -  S-ds  (3) 

and  Bolving  (3)  and  (3)  for  R,  we  have 

R-S-E-c  (4) 

But  from  the  common  theory  of  flexure  we  have  M-c  —  S-l,  and  subatituttng  in  (4) 

R-E-JIM  (5) 

AIM 

Rd*  -  ds,  ^A  d4>  -  di/R  (6) 

Substituting  the  value  of  A  as  given  in  is)  in  (6)  we  have 

d^ldt  "MIR- 1  (7) 

And  subatituting  the  value  of  d^  as  given  in  (7)  in  (i) 

dx  -  Myds/E-I  {8) 


In  the  two-hinged  arch  the  span  i 


EI 


(lo) 


Equation  (ro)  will  be  Bufficient  to  determine  the  pole  distance  in  Fig.  i. 

Now  in  equation  (10)  the  value  of  jVat  any  point  in  the  arch  will  ht  M  ~  M"  —  H-y,  where 
M'  is  the  bending  moment  as  calculated  in  a  simple  beam,  H  is  the  horizontal  component  of  the 
reaction  and  y  Is  the  ordinate  of  the  point  in  the  arch  as  in  Fig.  3. 

Inserting  the  value  of  if  in  equation  (lo),  it  becomes 


r<  IT-yds 
Ja     EI " 

Ja  E-I 


Gnphk  S<riDtion.— Now  in  Fig.  4  let  pdygon  ^G5  be  a  random  polygon  drawn  with  an 
assumed  pole  distance  H';  polygon  ADB  is  the  true  equilibrium  pol>^n  drawn  with  the  true 
pole  distance  H;  and  ACB  is  the  linear  arch. 

Then  the  bending  moment  at  C  in  Fig.  4  will  be 
M  ~  M"  -Hy 
~H-CD 

-  HDF  -HCF 
-HDP~a-y 
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But  D^  is  not  yet  known.     However,  we  have  the  relation  that  the  ordinatea  to  the  two  equilibriuiQ 
polygons  are  inversely  proportional  to  the  pole  distances;  an 
EF:DF::H:  H', 

DP  -  EPWIH  -  EFr, 
med  pole  distance  to  the  t 
M  ^EF-Ur  -H-y  (la) 

Now  Bubstituting  the  value  of  U  given  in  (12)  in  (10),  and 
/•I  EFHryds       ri  H-^ds 
Jo  El  Jo  ~'eT'  "  **■ 

«ad 

Jo      E-I  ,    , 

Jo      EI 

Now  in  equation  (13)  if  EI  is  a  constant,  the  arch  may  be  divided  into  foments  *A  eqml 
length;  or  if  E-I  is  not  a  constant  the  arch  may  be  ilivided  into  aegmenU  (or  which  ds/E-I  hi 
constant,  and  we  may  write 

r  =  Z-^IZEF-y  (1+) 

Onpbic  Interpntfttlon  <A  EqnatlMU. — Referring  to  Fig.  4,  it  will  be  seen  that  the  numeratiir 
in  (14)  is  the  summation  of  the  products  of  the  ordinates  to  the  arch  taken  at  the  centers  of  the 


Fig.  4. 


segments  into  which  the  arch  ring  is  divided;  while  the  denominator  is  the  summation  of  tbe 
products  of  the  ordinates  to  the  random  equilibrium  polygon  taken  at  the  centers  of  gravity  of 
theaegmentsinto  which  the  arch  ring  is  divided,  and  the  distances  of  the  segment  from  the  line  .^£. 
Gfkptaic  Solution  of  the  Stresses  in  a  Two^iinged  Aich. — Divide  the  given  arch  rine  into 
a  number  of  segments,  varying  from  to  to  20  parts,  in  which  dtjE-l  equals  a  constant.  Assume 
that  the  external  loads  act  through  the  centers  of  gravity  of  the  segments.  Lay  off  the  lowls 
and  construct  a  force  polygon  with  a  pole  distance  H',  and  draw  the  equilibrium  polygon  so  that 
it  will  pass  through  the  hinges  A  ancj  B  of  the  arch.  Now  to  use  equation  (13),  scale  off  tbe  onlt- 
nate  y  of  the  center  of  each  segment  of  the  arch  ring,  and  assume  that  these  ordinates  are 
horizontal  loads  acting  at  the  points  in  the  arch  ring  of  which  they  are  the  ordinate*;  lay  off 
these  ordinates  as  horizontal  loads  and  with  the  assumed  pole  distance  H"  draw  an  equilibrium 
polygon  with  the  force  polygon  thus  constructed.     In  like  manner  assume  that  the  ordinates  to 


jcibyGoQl^lc 


STRESSES  IN  AN  ARCH    WITHOUT   HINGES.  405 

the  random  equilibrium  polygon  at  the  corresponding  pmnts  in  the  arch  are  horizontal  forces; 
construct  a  force  polygon  with  a  pole  distance  H"  (use  (he  oame  pole  distance  for  both  force 
polyeons)  and  draw  an  equilibrium  polygon  with  the  force  pc^ygon  thus  constructed.  The  bend- 
ii^  moments  at  the  right  abutment  for  the  two  loadings  will  be  proportional  to  the  horizontal 
deformation  of  the  hinge  B  for  the  two  loadings,  and  r  wiU  be  equal  to  the  ratio  of  the  two  bending 
moments  as  given  by  equation  (13). 

Having  calculated  the  true  pole  distance,  H,  the  true  equilibrium  polygon  is  drawn  as  in 

T«npM»tarc  StraiMt. — ^With  an  increase  or  decrease  in  temperature  the  arch  will  expand 
or  contract  uniformly  and  the  change  in  the  span  will  be 

Ax  -  ±<-(-/  (15) 

where  «  is  the  coefficient  of  linear  expannan  of  the  material  («  for  steel  and  concrete  is  approxi- 
Rutely  0.0000067  per  degree  Fahr.);  ( is  the  change  in  temperature  in  degrees  Fahr.;  and  I  is 
the  span  of  the  arch  in  the  same  units  as  Ax. 

Then  equation  (10)  becomes 

^-X'^- *'■'•'  <■« 

Now  if  H,  is  the  horizontal  component  that  will  produce  the  same  horizontal  movement 
as  the  change  in  temperature  as  given  by  (16)  then,  M  •■  Ht-y,  and 
»  _  .       ±L} 

tJi  (17) 


Jo   E-1 


The  total  value  of  the  horizontal  component  of  the  reaction  will  be  H^  +  /Ti. 

STRESSES  IN  AN  AKCR  WTTHODT  HIHGES.  Introduction.— In  an  arch  without 
binges  the  following  conditions  must  be  satisfied:  (i)  the  span  must  be  constant;  {a)  the  abut- 
ments must  maintain  the  same  relative  positions;  and  (3)  the  talents  to  the  neutral  axis  of 
the  arch  at  the  abutments  must  remain  fixed. 

From  the  discussion  of  the  two-hinged  arch  we  have 

"-/.'^->  Co) 

also  in  Fig.  2, 

CE  -  BCd* 
BC  -  x-C9Ca 
dy  m  C.E.-ain(r 

■nd  nibMituting  In  equation  (7),  dy  -  M-x-dfJE-I,  and 
1  U-x-ds 

-eTT"' 


^y-s:'- 


(18) 


■s:'. 


Abo  from  equation  (7).  d4  -  it-dt/E-I,  and 

•iMds  ,    ^ 

,  -E:/  -  «  <>!») 

The  equations  of  condition  for  a  fixed  arch  may  also  be  obtained  from  the  general  equation 
given  in  text-books  on  applied  Mechanics  for  the  deflection  of  a  beam  at  any  point 

^-Jo-£T-  t^> 

where  M  is  the  bending  moment  at  any  point,  and  m  is  the  bending  moment  at  any  point  due  to 
*  load  unity  applied  at  the  point  at  whitJ)  the  deflection  is  to  be  measured,  and  acting  in  the  line 
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that  the  deformation  A  is  to  be  measured.     Now  if  a  unit  load  H  —  unity  be  applied  aa  in  Fig. 
5,  the  moment  m  at  any  point  will  be  ••  y,  and 


'  "Jo     E-I 


If  a  unit  load  V  —  unity  be  ap^ied  aa  in  Fig.  5,  tbe  moment  m  at  any  point  will  be  ^  x,  and 
If  a  unit  moment  be  apfdied  at    pcnnt  h,    then  m  —  i,  and 

Equation  (10)  is  the  condition  that  the  span  is  constant;  equation  (18)  that  the  abutments 
maintain  the  same  relative  heights,  and  equation  (19)  that  the  tangents  to  the  neutral  axis  at 
the  abutments  are  fixed. 

In  Fig.  6  at  the  left  abutment.  A,  the  vertical  reaction  ia  Ft,  the  boriaontal  reaction  is  B, 


M\  —  H-y,.    At  the  right  abutment,  B,  the  vertica)  reaction  ia  Vt, 
is  H,  and  the  bending  moment  is  Mi  «  H-yt.    Now  if  the  arch  were  hinged 
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A  and  B,  tbe  line  of  reustance  would  be  the  equilibrium  pdyBon  AEB  drawn  with  a  force 
4ygoii  having  a  pole  distance  equal  to  the  horizontal  reaction  H  for  a  two-hinged  arch.  With 
e  arch  with  fixed  ends  there  ia  bending  moment  at  points  A  and  B  and  the  equilibrium  polyem 
ill  pass  through  points  A'  and  B'  and  will  take  the  position  A'DB',  the  points  a  and  b  being 
unts  of  contra-flezure  (points  A'  and  B'  may  both  be  below  the  abutments,  both  above  the 
>utiiients,  or  one  may  be  below  and  the  other  above,  depending  upon  the  loading  and  elastic 
-operties  of  the  arch). 

Now  if  the  arch  rii^  is  divided  into  segments  ao  that  dj/E-I  ~  {,  a  constant,  equations  (lo), 
8)  and  (19)  become 

ZMy  -  o  {joO 

ZM-x-o  (iS*) 

ZM-o  (19') 


T^-^^-T 


Fig.  7. 

Algebraic  Scdiitioii.^TraMfemng  the  origin  of  coordinates  to  the  center  of  gravity  of  the 
irch  ling,  O,  in  Fig.  7,  we  have  by  substituting  yi  —  y  +  din  equations  (19),  (18)  and  (10) 

{18) 
(10) 


/*+<'/»  „     ds 


Now  in  Fig.  7  tbe  bending  moment 

U-Hl  -  H{PS  -  RS) 
.  if  -  H-y  -  H-f,  -  B  *"  7  "^  X 


I  -  Hu  -  lH(*i  +  <i) 


(ai) 


u~M'  -n-j  -xx-z  (33) 

Now  substituting  the  value  of  if  in  (23)  in  equations  (10),  (18),  (19),  respectively,  and  noting 
that  due  to  symmetry 

pMW      ds    _  ,    , 
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and  since  we  have  choaen  the  X~X  axis  so  that 

we  will  have  the  followii^  after  reduction 


H  = 


J-om      EI 

■'-('/*)      £■/ 
CWiriM'-xis 
J-{iirt      E-I 

/+('/»    ^-dt 
-("»)      E-I 

r+(i/i)       ds 
J-dity  "  EI 


Z  ' 

r+oiti     ds 
J-('m     E-I 

M 

Now  if  the  arch 

h  divided  into  segments 

90  that  dtlB-I  -  £  -  a  constant 

will  be 

X 

ZM'-x 

(3» 

Z  - 

^'-JHta  +  o) 

(W) 

where  n  is  the  number  of  segments.    Also  the  center  of  gravity  is  at  a  distance  above  the  springinB  of 
^-^  (33) 

Now  let  Va  and  I's  be  the  end  shears  at  A  and  B,  respectively;  Ma  and  Mb  be  the  bend- 
ing moments  at  A  and  B,  respectively,  and  Ra  and  Rb  be  the  reactions  as  for  a  simple  beam 
at  A  and  B,  respectively. 

From  equations  <3l)  and  (22) 

ft  -  iX-llH  +  Z/H  (34) 

A kX-llH  +  ZIH  (35) 

From  Fig.  7 

Ma  -  H(e,  -  rf)  (36) 

Mb  =  ff(d  -  f,)  (37) 

also  from  (36),  <37)  and  (31) 

X  =  {Ma+  Mb)!1  (38) 

Take  a  section  to  right  of  A,  and  take  moments  about  B.  and 
Va-I  +  Ma  +  Mb  -  Ra-1     ' 
Va'-Ra~{Ma+  Mb)II 

-Ra-X  (39) 

Vb  =  Rb-^X  (40) 

Tempeiature  Streu«s. — With  an  increase  or  decrease  in  temperature  the  arch  will  expand 
or  contract  uniformly  if  there  is  no  resistance.  The  tangents  at  the  abutments  will  remain  fixed 
which  requires  that 

J^./«   E-I   -  '•■  *♦'> 


jcibyGoQl^lc 


STRESSES  DUE  TO  RIB  SHORTENING 
le  abutmenta  will  remain  at  tbe  same  relative  heists,  which  requires  that 

J-m)     EI     "**■ 
ow  if  there  ia  no  constraint  and  tbe  arch  ia  free  to  move  under  the  load 

here  e  m  the  coefficient  of  expansion  —  0,000,006,7, '  ~  the  change  in  tempemtuic  in  degrees  F., 
id  f  ~  span  of  arch. 

Now  if  movement  is  prevented,  the  htHizontal  reaction,  Hi,  will  be  obtained  by  subttitutii^c 
le  value  of  M  given  in  equation  (33)  in  equation  (43)  noting  that  M'  ••  o,  and 


(43) 


e-t-l 


■f-iim  ^  E-l 


(44J 


//. 

.  ^jpiani 

Urn.*'  ' 

// 

1 

>■" 

K 

^ 

*fl 

Tbe  HoriKwital  thrust  may  be  assumed  to  act  through  the  center  of  gravity  of  the  arch  {point 
](  contra-fiexure)  and  tbe  moments  in  the  arch  due  to  temperature  will  be  as  shown  in  Fig.  8. 

StiMMt  Due  to  Rib  Shtntening. — The  direct  thrust  will  cause  a  shortening  of  the  arch  rib 
in  addition  to  tbe  stresses  already  calculated.  If  the  direct  thrust  were  constant  for  all  sections 
sf  the  arch  ring  the  e0Kt  would  be  approxiniately  the  same  as  for  a  decrease  in  temperature. 
If  «  is  tbe  coefficient  of  linear  expansion  per  degree  F.,  tbe  change  in  temperature  that  will  have 
the  same  shortening  effect  as  the  direct  thrust  will  be 

t-PHA.E-e)  (45) 

where  P  —  direct  thrust  —  /7  apiKoximately,  A  »  average  area  of  section  and  E  —  modulus  of 
elasticity. 

The  effect  of  rib  shortening  may  also  be  calculated  as  follows:  The  work  of  defcnmation  in 
the  arch  is 

„,      f'lPds  ,    C'tPds  ,  „ 

^-J*VEl+JoiE:A,  f+^J 

where  N  ia  the  normal  stress  on  any  section.  At  is  cross-section  of  the  arch  ring,  and  other 
symbds  are  as  previously  defined.     Differentiating  equation  (46)  with  reference  to  H,  V,  and 
M,  and  sidWituting  the  values  of  X  and  Z,  we  will  have  after  reduction 
^■K"*l  iC-yds 
„  _     J-iin.  ~E^r  ,,,, 
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where  A  =  average  craM-section  of  the  arch  ring,  and  s  —  length  of  the  arch  ring,  abo  X  M, 
are  as  in  equations  (38)  and  (29),  respectively.  The  value  of  H  in  (47)  diffen  frooi  \k  ni 
of  H  in  (37)  only  by  the  value  s/A  -E  in  the  denominator.  This  value  is  relativdy  tati  onl 
for  light  arches. 

..   .     A_  ^  ^  I 


Problem  i. — Given  a  segmental  reinforced  concrete  highway  arch  having  a  qua  <*  ^ 
a  rise  of  15'  o",  and  a  thicknesB  of  2'  o",  carrying  a  spandrel  loading  as  diown  aiidal'"''^  | 
400  lb.  per  square  foot.     The  solution  will  be  made  for  a  live  load  over  one-half  the  ^"»-    J 
arch  ring  will  be  divided  into  10  equal  E^:ment8,  beginning  and  dosing  with  a  half  «f^  I 
shown;  the  loads  were  calculated  and  numbered  I,  2,  3,  4,  etc.,  as  shown  in  Fig.  9. 
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Now  ky  off  the  loads  i,  3,  3,  etc.,  and  construct  a  force  polygon  with  an  aaaumed  pole  distance 
of  3S,ooo  lb.  as  in  (fi).  With  force  polj^n  in  (6)  construct  equtlibrium  polygon  V$V'  in  (c). 
Now  draw  nn'  parallel  to  VV,  nV  being  made  equal  to  the  arithmetical  mean  of  the  ordinates 
to  the  equilibrium  polygon  K5V,  at  the  points  i,  3,  3,  etc.  The  sum  of  the  ordinates  I-i',  2~2', 
3-3',  etc.,  between  n»'  and  the  equilibrium  polygon  VsV  will  now  be  equal  to  zero. 

The  angle  a  between  the  line  nn'  and  mm'  may  be  calculated  by  means  of  equation  (31). 
Lay  off  the  bending  moments  at  pdnts  i,  z,  3,  etc.  in  (c).  Fig.  9,  in  (d).  Fig.  9  assume  a  pole 
distance  ~  31  St.,  and  construct  equilibrium  polygon  in  (e).  Also  lay  off  values  of  x,  measured 
from  the  center  of  the  arch,  in  (Wand  draw  equilibrium  polj^n  in  (fl.  Then  tana  —dEM'-x/ 
o2a?  —  0.0312  and  m-n  =  —  m'-n'  =  0.8  ft.  To  calculate  H,  lay  off  values  of  the  bending 
ntoments  at  1-1',  2-3',  3-3',  etc.  in  (g)  and  with  a  pole  —  i3  ft.,  draw  equilibrium  polygon  (g"), 
which  gives  an  intercept  15.1  (t.,  and  would  be  proportional  to  Zlf-y  if  the  true  value  of  H  had 
been  assumed.  {'Hie  ordinates  for  M'  may  be  measured  to  the  line  V-V  or  to  the  parallel 
line  m-m'.)  Also  lay  off  values  of  y  at  pm'nts  1,  a,  3,  etc.  in  (a)  in  (/),  and  with  a  pole  dis- 
tance —  13  ft.  (pole  distance  for  force  polygons  (/)  and  (f)  should  be  equal  but  may  have  any 
convenient  values),  and  draw  equilibrium  polygon  (/*).  Then  intercept  —  19.3  ft.  and  is  propor- 
tional to  2jp*. 

Now  the  true  value  of  H  will  be  found  by  the  equation 

38,000  lb.  :  H  ::  19.3  :  15.1 
H  —  31,900  lb. 

To  draw  the  true  equilibrium  pol)^n  in  Fig.  10,  draw  a-b  as  in  Fig.  9,  and  lay  off  a-V  —  m~v 
in  (e)  Fig.  10  -  m-v  X  28,ooo/2i;900  as  given  in  (e).  Fig.  9,  also  lay  b-V  -  m'-V  in  (c). 
Fig.  10  =  m'-V  X  28,000/21,900  aa  given  in  (c).  Fig.  7.  Now  lay  off  the  loads  in  force  polygon 
(6),  and  with  pole  distance  H  —  31,900,  draw  equilibrium  polygon  beginning  at  V  and  closing  at 
V.  The  position  of  pole  O  in  a  vertical  line  in  (ft)  may  be  determined  as  given  in  (6),  Fig.  9. 
The  pole  0  in  (ft).  Fig.  10,  may  be  taken  at  any  convenient  point  in  a  vertical  plane  at  a  distance 
H  —  31,900  lb.  from  the  load  line,  and  equilibrium  polygon  (c)  may  be  drawn.  The  true  equilib- 
rium polygon  in  (a)  may  be  constructed  by  placing  line  m-m'  on  a-b.  The  values  i-i',  3-3', 
3-3',  etc.,  in  (c)  when  multiplied  by  H  are  the  true  bending  moments  at  the  corresponding  points. 

The  shear  at  the  section  gh  —  3,000  lb.  The  direct  thrust  tn  the  arch  ring  at  the  section 
ikuP  ^  33,000  lb.  The  eccentricity  of  P  at  the  section  jA  is  t  «  4  in.,  and  the  bending  moment 
will  be  Jf  -  33,000  X  4  -  138,000  in.-lb. 

The  maximum  stress  on  the  section  gk  is 

S  -  J>M  ±  it-ell 

„  _    33,000    _^   138,000  X  13 


34  X  13      A  X  12  X24' 

-  +111  ±111  -  -I- 233  or  o  lb. 

«  StreBKi. — Now  for  a  change  of  ±  40  degrees  F. 
e-l-t  —  0.000,006,7  X  40  X  €00  in. 
>  0.16  in. 
The  value  of  ds/E-I  -  g  -  (6  X  i3)/(a,ooo,ooo  X  13,824) 

-  1/384,000,000 
also 

21/'  -iX  19-3  X  13  X  144 

-  16,680 

since  the  values  of  y  jn  (/ )  were  laid  off  to  twice  the  scale,  and  all  dimensions  arc  in  inches. 
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Tbe  temperature  streMes  do  not  change  the  vertical  paBiticm  of  the  pole  0  in  (d),  Fig.  lo,  but  the 
true  pole  for  direct  load  aad  temperature  will  be,  ^  ~  ^SiMo  lb.  or  18,140  lb. 


(C) 

5pan50''0''&.toc. 

Flst/S'-O'toc. 

Thkkftess  Z'-Ol 

ffadfut  Ze'-O' 

Fig.  10. 

Stnuei  Due  Rib  Shorteoing. — ^The  value  of  P  is  approximately  32,000  *Ja.,  and  from  (45) 
/  -  33,000/(12  X  24  X  2,000,000  X  0.000,006,7) 
-  -  8.4° 
The  value  of  H,  lot  this  decrease  m  temperature  will  be  —  8.4  X  3,760/40  -  --  760  lb. 
Sommaiy. — To  provide  for  the  stresses  due  to  direct  loads,  the  temperature  and  the  direct 
thrust  the  pole  distance  will  be   ff  =  +  21,900  ±  3,760  —  760  —  14,900  or   i7,3So  lb.     To 
complete  the  analysis  the  stresses  in  the  arch  should  be  calculated  in  the  same  manner  as  in  F^.  9 
for  a  value  ol  H  ~  24,900  lb.  and  H  —  17,380  lb. 
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inFLUEHCE  DIAGRAUS.— The  equations  for  H,  X,  and  2  (or  a  unit  load  may  be  obtained 
from  equations  (30),  (31)1  and  (jz),  reepectively,  by  substituting  the  bending  moment  (or  a  unit 
load.  For  a  unit  load  the  moment  M'  at  any  point  in  the  arch  will  be  the  distance  x'  (rom  the 
load  to  the  point  in  question,  multiplied  by  unity  -  x'.  Substituting  if  —  x' in  equations  (30), 
(31)  and  (33)  we  have 

Zx'-y 


H  - 


(48} 


Tbe  influence  lines  for  H,  X  and  Z  may  be  calculated  by  substituting  in  equations  (48},  (49}, 
and  (50),  respectively,  or  may  be  calculated  by  graj^icsaa  in  Fig.  11. 


(U 


Kj....«.,_:..fc»» 


(d) 


Z  btflttttK*  ISagrcan 

Fig.  It.   Inplcencb  Diagkahs  for  Fixed  Arcs. 

Inflnance  Diagnun  for  H.^<}iven  an  arch  with  a  varying  cross-section  as  in  Fig.  11.     Divide 
ds 
the  arch  ring  into  30  segments  so  that  7r~.  -■  £  i-  a  constant.     This  can  be  done  most  easily  by 

mi-ans  of  ihe  graphic  method  described  in  Fig.  13.     Calculate  the  gravity  axis  a-b.     This  can 
be  done  algebraically,  or  by  graphics  by  means  o(  force  polygon  (a),  and  equilibrium  polygon  (a). 


d  equilibrium  polygon  (a). 
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To  calculate  zy,  lay  ofl  the  values  of  y  as  loads  in  (orce  polygon  (&),  and  with  an  arbitrary 
pole  distance  pi,  draw  (he  equilibrium  polygon  (6),  the  stringe  in  equilibrium  polygon  (6),  being 
drawn  parallel  to  the  corresponding  rays  in  force  polygon  (6).  Then  Z^  =  ^-Pi-  To  calculate 
Zx'-y  draw  equilibrium  polygon  (c)  with  strings  parallel  to  the  rays  in  (orce  polygon  (c).  Force 
polygons  (b)  and  (c)  are  identical  except  (<:)  is  turned  90°  with  respect  to  (6).  Then  the  value  of 
'Sx'^y  at  any  point  will  be  =  yc-pc  and  the  horizontal  thrust  for  a  load  at  any  point  will  be 

H  "y.-pJ^-Pb 
but  Pb  =  pc,  and 

where  y,  is  the  ordinate  in  equilibrium  polygon  (c),  measured  under  the  load. 

The  smooth  curve  tangent  to  the  equilibrium  polygon  (c)  is  the  inRuence  diagr^im 
toT  H. 

Influence  Diagram  for  Z. — To  calculate  values  of  Zx'.x,  lay  of  values  of  x,  measured  from 
the  center  of  the  arch,  as  vertical  loads  in  force  polygon  (d),  and  with  an  arbitrary  pole  distance  pt, 
draw  equilibrium  polygon  (iJ),  by  drawing  the  strings  in  equilibrium  ptriygon  (d),  parallel  to  the 
rays  in  force  poison  (rf).     Now  the  value  of  Zx'-x  for  a  load  at  any  point  will  be  yj'pt. 

Now  the  value  of  yj  at  center  of  space  =  m-u,  multiplied  by  pi  will  be  the  value  Zjf,  and 
2^^  ■  m-n-Pt 

m-tt-pj 
The  smooth  curve  tangent  to  equilibrium  polygon  {d)  is  the  influence  diagram  for  X.    the  value 
of  X  for  a  load,  P,  at  any  point  will  be  equal  to  P-ydlm-n. 

Influence  Diagram  for  Z. — To  calculate  values  of  Zx',  lay  of  n  equal  segments  as  vertical 
loads  in  force  polygon  (e)  and  with  a  pole  distance  p,  =  n,  draw  equilibrium  polygon  (e) 
by  drawing  strings  in  equilibrium  polygon  (e)  parallel  to  rays  in  force  polygon  («).  Then  the 
value  of  Sx'  at  any  point  will  be  y,-n,  and  we  will  have 

Z  —  y,-«/n  —  y^ 
The  value  of  Z  for  a  load  P  at  any  pcMnt  will  be 

Z  -  P-y.. 

The  smooth  curve  drawn  parallel  to  the  equilibrium  polygon  (e)  will  be  the  influence  diagram 
torZ. 

The  end  shears  for  a  unit  load  may  be  calculated  by  eqi:ations  (39)  and  (40). 

The  moments  at  the  ends  for  a  unit  load  may  be  calculated  from  equations  (36)  and  (37). 

The  moment  at  any  point  for  a  unit  load  may  also  be  calculated  by  means  of  the  formula.  (3j), 

M  =  M'  -Hy  -  Xx  -  Z  (aj) 

Having  drawn  the  influence  diagrams  the  values  of  horizontal  thrust  and  the  moment  at  the  ends 
and  at  the  crown  may  be  easily  calculated  for  any  loads  on  the  arch,  and  the  loading  for  maximum 
stresses  can  be  determined. 

Live  Loads  on  Qghwa;  Arch  Bridges.— The  committee  on  reinforced  concrete  highway 
bridges  and  culverts,  American  Concrete  Institute,  1914,  recommends  a  ao-ton  motor  truck  or 
140  lb.  per  sq.  ft.  for  class  A  bridges,  and  a  15-ton  motor  truck,  and  90  lb.  per  sq.  ft.  up  to  60  ft. 
spans  for  class  B  bridges.  But  one  motor  truck  is  assumed  on  the  bridge  at  one  time,  and  the 
remainder  of  the  bridge  is  covered  with  uniform  load. 

The  Iowa  Highway  Commission  requires  that  arches  be  designed  for  a  uniform  load  of  100 
lb.  pcrsq,  ft.  over  the  roadway  and  sidewalks,  or  a  15-ton  traction  engine  so  placed  as  to  produce  in 
combination  with  the  dead  load  stresses  maximum  Presses  in  the  arch  ring. 
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The  Illinois  Highway  Commission  requires  that  arches  be  dewgned  for  a  live  load  of  135  lb. 
per  sq.  ft.  or  a  concentrated  load  giving  a  maximum  uniform  load  of  $3$  lb.  per  sq.  ft.,  over  an 
area  16  ft.  wide  and  3  ft.  10  in.  long.     Sidewalks  to  have  a  uniform  live  load  of  135  lb.  per  eq.  ft. 

The  live  loads  specified  by  the  author  are  given  in  Appendix  It. 

AQowable  StreaseB. — The  allowable  stresses  in  arches  are  given  in  the  author's  "  General 
Specifications  for  Concrete  Bridges  and  Foundations,"  in  Appendix  II. 

Impact — Where  there  is  a  crown  filling  of  not  less  than  one  foot  the  effect  of  impact  may  be 
neglected.  For  open-spandrel  arches  with  concrete  slab  Hooth  the  effect  of  impact  should  be 
considered  the  same  as  for  other  concrete  bridges. 

DlBtlllnitlon  of  Losds  Throut^  niL^The  distribution  of  live  loads  when  transmitted  through 
filling  has  been  studied  but  no  standard  specification  has  been  adopted.  A  common  spedfication 
is  to  assume  that  the  load  on  a  wheel  is  uniformly  distributed  over  a  square  the  side  of  which  is 
equal  to  the  width  of  tire  plus  twice  the  depth  of  the  fill. 


LoAomeZ 

ForMax.-M.afCrmn 


LOADim  4 
For  Max.-M.  at  firing 


FiG.   13. 

The  Ohio  State  Highway  Department  requires  that  on  masonry  arches  with  spandrel  filling 
three  feet  or  more  in  depth,  the  weight  of  the  concentrated  load  shall  be  assumed  as  distributed 
uniformly  over  an  area  I3  ft.  wide  and  30  ft.  long  in  the  direction  of  the  roadway.  Where  a 
pavement  is  used  the  concentrated  load  is  assumed  as  distributed  over  an  area  whose  length  is 
equal  to  twice  the  depth  of  earth  fill  plus  four  times  the  thickness  of  the  pavement. 

Allowance  for  Temperature. — Tests  made  at  the  Iowa  State  College  of  Agriculture  and 
Mechanic  Arts  and  described  in  Bulletin  30,  show  that  for  a  latitude  of  approximately  40  degrees 
a  temperature  provision  should  be  made  in  designing  an  arch  for  a  variation  of  40  degrees  F.  each 
way  from  the  temperature  of  no  temperature  stress. 

The  Iowa  Highway  Commisnon  requires  that  arches  be  designed  for  stresses  induced  by  a 
temperature  range  of  80  degrees  F. 

The  Illinois  Highway  Commission  requires  that  arches  be  designed  for  range  of  40  degrees  F. 
either  way  from  normal. 

Watson's  "General  Specifications  for  Concrete  Highway  Bridges,"  1916  edition,  requires 
that  arches  be  designed  for  a  range  of  35  degrees  each  nde  of  normal  for  a  latitude  of  40  degrees, 
and  that  the  limit  be  increased  for  higher  latitudes  and  be  decreased  for  lower  latitudes. 
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Arch  Loading. — Mr.  Cochrane*  calcuUted  the  Btresgea  in  arcbea  by  means  of  influence 
diagrams,  and  recommends  the  four  typical  ajrangEinentB  of  hve  toads,  aa  shown  in  Fig.  ii. 
Loadings  i  and  3  are  for  maximum  positive  and  ne^tive  moments  at  the  crown,  respectively, 
and  when  combined  cover  the  entire  span.  Loadings  3  and  4  are  for  maximum  positive  and 
negative  moments  at  the  springing  respectively,  and  when  combined  cover  the  entire  span. 

If  heavy  concentrations  are  specified  the  method  of  influence  lines  should  be  used  in  calculating 
the  stresses  in  arches. 

DMiion  of  Arch  Kidf  ftn  -„j  "  a  Constant— The  arch  may  be  divided  in  segments  in 
which  ^.  —  £  —  a  constant,  by  the  graphic  method  shown  in  Fig.  13.  The  line  A-B  is  made 
equal  to  one-half  the  length  of  the  arch  axis.  The  curve  c-g-d  is  drawn  through  points  wh<iae 
ordinates  are  the  values  of  /  and  whose  abscissas  are  the  corresponding  distances  along  the  arch 
axis  from  the  springing  line.  A  length  A-f  is  then  assumed  for  the  length  of  the  first  segment,  and 
igle  A-e-f  is  drawn.    Starting  from  point  /,  lines  are  drawn  parallel  to  A-e  and 


Fig.  13. 


e-f  as  shown.  If  the  last  division  does  not  check  at  B  the  operation  must  be  repeated.  The 
base  of  each  triangle  is  the  length  of  Af  and  the  altitude  is  the  mean  value  of  /,  and  since  all 
triangles  are  similar  At/I  is  a  constant.  The  modification  of  the  method  shown  by  the  dotted 
lines  may  be  used. 

Best  Shape  of  Arch  Axis.* — If  J  —  span  of  arch,  »  <=  cJ  •=  distance  of  any  point  in  arch 
ring  from  center  line;  y  ••  vertical  distance  of  any  point  in  arch  ring  from  tangent  to  an:h  ring 
at  center;  r=  rise  of  arch;  ^  —  angle  between  tangent  to  arch  axis  at  springing  and  the  hori- 
zontal, then  the  equations  that  give  the  best  lorm  of  arch  axis  are 

For  open-spandrel  arches. 


-  (3  +  5f) 


(5S) 


For  fiUed-spandrel  arches 


*  Design  of  Symmetrical  Hingeless  Arches,  by  Victor  H.  Cochrane,  Proceedings  Eo^oeer's 
Society  of  Western  Pennsylvania,  Vol.  33,  No.  8. 
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tan  *  =  r-r^  (i  +  J-Sr) 


n  practice  to  use  a  form  for  the  arch  such  that  there  will  be  no  tensile  i 
n  the  arch  for  dead  load. 
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Empirical  Rules  for  TUckneH  of  Arch  Ring.* — Joseph  P.  Schwada  gives  the  following 
formula  for  the  thickness  of  highway  bridge  arches: 


In 


where  d  —  crown  thickness  in  feet, 
/  —  clear  span  in  feet, 
R  ■■  riae  of  intradoB  in  feet, 

F  -'  depth  of  fill  at  crown  in  feet,  not  including  pavement, 

B  —  weight  of  pavement  in  lb.  per  sq.  ft. 

w  =  uniform  live  load  in  lb.  per  sq.  ft. 

The  thickness  of  highway  bridge  arches  for  different  conditions  are  given  in  Fig.  14. 

using  formula  (55)  it  is  necessary  to  use  an  approximate  value  of  d;   if  the  calculated  value  and 

assumed  value  of  d  do  not  check,  a  new  value  must  be  assumed  and  the  thickness  recalculated. 

Variation  in  Tbickness  of  Arch  Rib.t — Mr.  Cochrane  has  made  an  analysis  of  the  variation 

in  rib  thickness  to  give  equal  stresses  throughout   the   arch   rib.     The   variation   in   thickness 

is  shown  in  Fig.  15.    The  thickness  at  the  quarter  point  may  be  less  than  at  the  crown,  but  an 

arch  of  this  design  would  be  unsightly  and  diflicult  to  build.    The  variation  in  thickness  of  arch 

rib  shown  by  the  dotted  lines  is  recommended. 

Reinforcement  of  Arch  Rlngt. — Reinforcement  in  concrete  arches  makes  the  action  of  the 
structure  more  certain  and  permit  higher  working  stresses  in  the  conrcete  than  can  be  permitted 
•  Ei^neerii^  News,  Nov.  9,  1916,  p.  880. 

t  Design  of  Symmetrical  Hingeless  Arches,  by  Victor  H.  Cochrane,  Proceedings  Ei^neer's 
Society  of  Western  Pennsylvania,  Vol.  32,  No.  8. 
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Curve  A  -Small  rise,  11^  had 
fi,- Minimum  thickness 
Ai  Practical  thickness 

Curve  B- Large  rise,  heavy  load 
B,- Minimum  thickness 
Bf  Practical  thickness 


^     .  8:75  . 

hi  Distance  from  crtyin  -^  length  ef  half  arc 

Fig.  15. 

on  plain  concrete  arches.  Reinforced  concrete  arches  can  therefore  be  built  with  thinner  arch 
rings  and  lighter  abutments  than  plain  concrete  arches.  More  reinforcenient  is  used  than  would 
be  required  to  take  the  tensile  stresses. 

It  i^  the  best  practice  to  use  reinforcement  near  both  surfaces  of  the  arch  ring  to  insure 
against  positive  and  negative  moments.  The  amount  of  steel  at  the  crown  varies  frorn  )  to  1) 
per  cent.  The  author  lias  specilied  i  per  cent  of  reinforcement  at  the  crown  in  "Gener^  Specifica- 
tions for  Concrete  Bridges  and  Foundations,"  in  Appendix  II.  Transverse  bars  at  right  angles  la 
the  longitudinal  bars  are  generally  used  to  prevent  cracks  in  the  concrete  and  to  assist  in  distribut- 
ing the  loads  laterally.  Web  reinforcement  is  not  ordinarily  required  for  shear,  but  has  the 
advantage  of  making  the  longitudinal  and  transverse  reinforcement  act  as  a  unit,  and  web  re- 
inforcement should  preferably  be  used. 

For  the  calculation  of  stresses  due  to  direct  stress  and  flexure  as  in  arch  rings,  sec  Chapter 
XVIII. 

EXAMPLES. — The  arch  bridge  shown  in  Fig.  16  was  deigned  by  the  Iowa  Highway  Coat- 
mission.  The  bridge  was  designed  for  a  live  load  of  100  lb.  per  sq.  ft.  or  a  15-ton  traction  engjnc. 
The  allowable  compression  in  concrete  was  650  lb.  per  sq.  in.  where  no  temperature  stresses  occur. 
and  750  lb.  per  sq.  in.  where  temperature  stresses  are  included.  The  allowable  tension  in  steel 
was  16,000  lb.  per  sq.  in,,  with  30,000  lb.  per  sq,  in  where  temperature  stresses  were  included. 
The  arch  rib  was  designed  for  a  variation  of  40  degrees  F.  from  the  mean.  The  arch  ring,  abut- 
ments and  spandrels  were  built  of  1-3-4  ">'k  Portland  cement  concrete. 

The  arch  bridge  shown  in  Fig.  17  was  designed  by  the  Michigan  State  Highway  Department. 
The  bridge  was  designed  for  a  uniform  live  load  of  100  lb.  per  sq.  ft.  or  an  18-ton  road  roller. 
The  arch  ring  was  built  of  1--2-4  mix  Portland  cement  concrete,  while  the  abutments  were  built 
of  1-3-6  mix  Portland  cement  concrete.  The  concrete  in  the  arch  rib  was  designed  for  a  c 
pression  of  650  lb.  per  sq.  in.     The  allowable  tension  in  steel  was  16,000  lb.  per  sq.  in. 

Rainbow  Arch  Bridge.— The  arch  bridge  in  Fig.  18,  built  at  Canni,  III.  in  1916.  has 
three  arch  spans  of  90  ft.  each  between  piers,  with  a  rise  of  18  ft.  and  a  radius  of  65  ft.  3  in. 
on  the  under  side.  It  has  an  18-ft.  roadway.  The  arch  was  constructed  by  placing  the  s 
tural  steel  reinforcing  of  the  ribs  first,  connecting  them  rigidly  in  place  by  struts,  floorbea.m! 
hangers.  The  formwork  was  then  built  around  the  steel  reinforcing.  The  reinforcing  for  the 
arch  ribs  is  composed  of  four  angles  laced  on  four  sides  and  with  the  Itacks  of  the  an^es  turned 
outward.     The  concrete  was  1:24  mix  using  gravel  with  a  maximum  size  of  I J  in. 

The  bridge  was  designed  for  a  live  load  of  125  lb.  per  sq.  ft.  and  a  20-ton  rtiad  roller. 
stresses  were  those  required  by  the  specifications  of  the   Illinois  Highway  Commisaioii.     The 
plans  were  prepared  by  the  Mar^  Bridge  Company,  which  has  patented  certain  features  of  the 

The  cost  of  the  bridge  in  1916  was  $21,960. 
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RBFBRSNCBS.— For  excellent  algebraic  sdutiona,  tee  Tumeaure  and  Mamw'*  '  f* 
dplea  of  Reinforced  Concrete  Const  met  ion,"  Taylor  and  Thompaon't  "Concrete,  Ph*  ■ 
Reinforced,"  and  HcmI  and  Jobnson'a  "Concrete  Engineer's  Handbook." 
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PART  IV. 
CONSTRUCTION  OF  HIGHWAY  BRIDGES. 


CHAPTER  XXIV. 
Bridge  Engineering. 

IntrodnctiiML — The  diicuBMon  in  this  chapter  will  include  Bridge  Surveys,  Bridge  Plana, 
Bridge  Contracts,  and  Specifications. 

For  a  detailed  diacuBsion  of  Structural  Drafting,  tee  Chapter  XII  of  the  author's  "Structural 
Engineers'  Handbook." 

BItlDGB  StntVETS. — Berore  beginning  the  plans  Tor  a  highway  bridge,  a  very  careful 
and  complete  survey  should  be  made  o!  the  proposed  bridge  site.  The  information  should  be 
complete  enough  to  enable  the  designer  to  decide  upon  the  proper  type  and  details  of  the  structure 
which  is  best  suited  to  the  conditions.     The  survey  should  include  the  following  data. 

1.  Location  of  bridge  together  with  distance  from  shipping  points. 

2.  Complete  data  with  careful  sketch  plans  of  the  present  structure,  and  substructure. 

3.  Data  on  high  and  low  water  tt^ther  with  a  report  on  the  efficiency  of  the  present  water- 

4.  Survey  of  propoeed  bridge  site  which  should  include 

a.  Bench  mark. 

b.  Survey  should  be  tied  to  section  comers  or  definite  and  known  land  lines. 

c.  Tic  alignment  of  the  road  should  be  given  on  each  aide  of  the  bridge.  71)e  skew  of  the 
center  line  of  the  bridge  should  be  given  with  the  channel. 

d.  The  plan  should  show  the  course  of  the  stream,  the  bank  lines,  old  channels,  dykes  or 
spoil  banks,  direction  of  flow  during  flood  stage,  bank  erosion,  etc. 

The  plan  should  show  the  location  of  the  old  structure  and  a  jvoposed  location  of  the  new 


The  plan  should  show  contours  of  the  stream  together  with  high  and  low  water  marks. 

Soundings  should  be  made  to  determine  the  character  of  the  foundation  material.  The 
soundings  may  be  made  by  boring,  by  driving  pipes  or  by  digging  pits.  For  an  important  bridge 
crossing  two  sets  of  borings  should  be  made.  (1)  Borings  should  be  made  along  the  center  line, 
and  from  them  if  favorable  the  location  of  the  piers  and  abutments  should  be  determined,  (a) 
After  tentative  locations  of  the  piers  additional  borings  should  be  made  on  the  site  of  each  pier 
or  abutment,  at  least  one  at  each  corner,  and  intermediate  ones  if  necessary.  The  data  should 
include  the  lowest  water  level  and  depth  of  foundations,  character  of  material  upon  which  the 
foundations  wilt  rest,  data  on  number,  spacing  and  length  of  piles  if  they  are  to  be  used.  An 
estimate  should  be  made  of  the  safe  load  on  the  foundations,  and  a  recommendation  should  be 
made  as  to  the  best  type  of  foundation.  The  liability  of  the  bank  to  scour  should  be  noted,  and 
suggestions  should  be  given  as  to  the  best  means,  such  as  riprap  or  sheet  piling  to  prevent  it. 

The  plan  should  show  the  location  of  bench  marks,  alignment  hubs  and  reference  points, 
section  and  township  numbers,  width  of  right  of  way,  property  owners  o(  adjacent  property, 
directions,  scales,  and  other  data. 

e.  The  profile  should  show  the  present  and  proposed  road  grades;  the  cross-sections  of  the 
channel  on  center  Ime,  and  if  the  channel  is  irregular  cross-sections  on  lines  parallel  to  the  center 
423 
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Uoe.  The  high  and  low  water  marks  tbould  be  shown  and  the  date  of  high  water  should  be  noted. 
All  runofF  data  should  be  recorded.  Soundings  should  be  made  of  the  stream  and  data  should 
be  obtained  on  scour.  All  over6ow  openings  should  be  recorded.  All  intersecting  road  gradca 
should  be  recorded. 

/.  A  survey  should  be  made  of  the  stream  for  a  distance  varying  from  500  ft,  to  1,000  ft.  on 
both  sides  of  the  bridge  site  to  determine  the  fall,  the  croos-section  and  hydraulic  properties  of 
the  stream  bed  that  will  make  it  possible  to  make  an  estimate  of  the  flow  of  the  stream,  and  also 
the  necessary  clear  channel  at  the  bridge  site.  The  clear  openings  of  other  bridges  on  the  same 
streftm  should  be  noted  ti^cther  with  notes  on  the  high  water  marks,  and  data  on  the  adequacy 
of  tbe  waterway  opening. 

[.  Surveys  should  be  made  on  the  center  line  of  the  highway  with  cross-sections  at  int«rvab 
of  100  ft.  or  less,  so  that  the  cost  of  constructing  approaches  may  be  estimated. 

k.  IF  the  stream  has  a  crooked  channel  a  survey  should  be  made  to  obtain  complete  data  to 
determine  whether  or  not  a  channel  change  is  necessary. 


Fic.  I.    Profile  and  Map  of  Bridge  Site.    Oregon  Highway  Couuission. 


i.  Recommendations  should  be  made  by  the  engineer  in  charge  of  the  survey  as  to  (i)  type 
of  structure;  (2)  number  and  length  of  spans;  (3)  width  of  roadway:  (4)  proposed  grade  eleva- 
tion; (5)  special  loading  requirements;  (6)  depth  of  lootings  and  type  of  foundations;  (7)  special 
features  of  design,  such  as  light  poles,  sidewalks,  name  plate,  retaining  walls. 

A  plan  and  a  profile  of  a  bridge  site  as  prepared  by  the  Oregon  Highway  Commission  ia  given 
in  Fig.  I. 

The  following  data  are  required  to  be  furnished  by  the  Oregon  Highway  C 


General  Information 

(Please  answer  every  question) 

1.  Width  of  roadway  desired .  ,  .  , 

2.  Type  of  Boor  wanted — wood  or 

3.  Type  of  joists  wanted — wood  01 


SURVEY  OF  SITE. 
(Data  Required.) 
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4.  Number  of  sidewalks  required 

5.  Width  of  Bidewalks 

6.  Type  of  bridge  preferred — rteel,  concrete,  or  wood 

7.  Give  date  aud  elevation  of  extreme  high  water 

8.  Give  date  and  elevation  of  average  low  water 

9.  Is  the  crossing  on  a  "trunk"  or  secondary  roed 

10.  If  grade  has  been  established  show  elevations  on  profile 

11.  Oistance  from  bridge-site  to  nearest  railroad  station 

13.  Condition  of  road  from  railroad  station  to  bridge-site 

13.  Can  sand  and  stone  for  concrete  be  obtained  locally.     If  so,  give  distance  from  bridge-site. . 

14.  Can  timber  for  falsework  and  piling  be  obtained  locally.     If  so,  give  distance  from  bridge-site . 

15.  Is  there  a  bridge  at  this  site  at  present.     If  so,  indicate  location  on  map  and  profile 

16.  Will  it  be  necessary  to  maintain  traffic  during  construction  of  new  bridge 

17.  Is  deugn  of  approaches  desired 

18.  If  earth-lilled  approaches  prove  economical,  is  suitable  material  available  for  filling 

19.  Will  the  approaches  be  constructed  by  county  forces 

30.  Give  date  of  desired  completion  of  structure 

21.  Give  direction  in  which  roads  will  approach  bridge 

33.  Note  if  there  will  be  plenty  of  clearance  for  swinging  teams  in  narrow  canyons  or  bluff 

aurroundinga 

MAP  AND  PROFILE  OF  BRIDGE-SITE. 

Over 

(Creek  or  River) 

in   Section , ,  Township ,   Range M., 

near 

(Town  or  City)  (County) 

BRIDGE  PLAHS. — The  plans  for  a  bridge  must  contain  all  the  information  necessary 
for  the  design  of  the  structure,  for  ordering  the  material,  for  fabricating  the  bridge  in  the.shop,  for 
erecting  the  structure,  and  (or  making  a  complete  estimate  of  the  material  used  in  the  structure. 
Every  complete  set  of  plans  for  a  brit^  must  contain  the  following  information,  in  so  far  as 
the  different  items  apply  to  the  particular  structure. 

I.  General  Flan. — This  will  include  a  profile  of  the  ground;  location  of  the  structure;  ele- 
vations of  ruling  points  in  the  structure;  clearances;  grades;  direction  of  flow,  high  water,  and 
low  water;  and  all  other  data  necessary  far  designing  the  substructure  and  superstructure. 

3.  Stress  Diagram. — This  will  give  the  main  dimensions  of  the  bridge,  the  loading,  stresses 
in  all  members  for  the  dead  loads,  live  loads,  wind  loads,  etc.,  itemized  separately;  the  total 
maximum  stresses  and  minimum  stresses;  sices  of  members;  typical  sections  of  all  built  members 
showing  arrangement  of  material,  and  all  information  necessary  for  the  detailing  of  the  various 
parts  of  the  structure. 

3.  Sbvf  Drawlllgs. — Shop  detail  drawings  should  be  made  for  all  steel  and  iron  work  and 
detail  drawings  of  all  timber,  masonry  and  concrete  work. 

4.  Fonadation  or  Utsoniy  Plan. — The  foundation  or  masonry  plan  should  contain  detail 
drawings  of  all  foundations,  walls,  piers,  etc.,  that  support  the  structure.  The  plans  should 
show  the  loads  on  the  foundations;  the  depths  of  footings;  the  spacing  of  piles  where  used;  the 
proportions  for  the  concrete;  the  quality  of  masonry  and  mortar;  the  allowable  bearing  on  the 
•oil;  and  all  data  necessary  for  accurately  locating  and  constructing  the  foundations. 

5.  ErectiMi  Diagram. — The  erection  diagram  should  show  the  relative  location  of  every  part 
of  thestructure;  shipinng  marks  for  the  various  members;  all  main  dimensions;  number  of  pieces 
in  a  member;  packing  of  ^ns;  sire  and  grip  of  pins,  and  any  special  feature  or  information  that 
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may  assist  the  erector  in  the  &e1d.    The  approximate  weight  of  heavy  ptecea  will  materially  assist 
he  erector  in  designing  hia  falsework  and  derricks. 

6.  Falsework  PUus. — For  ordinary  structures  it  is  not  commaii  to  prepare  falsework  phaf 
in  the  office,  this  important  detail  being  left  to  the  erector  in  the  field.  Erection  plans  should 
be  worked  out  in  the  office,  and  should  show  in  detail  all  members  and  connections  of  the  fabework, 
and  also  give  instructions  for  the  successive  steps  in  carrying  out  the  work.  Falsework  plan*  ait 
especially  important  for  concrete  and  masonry  arches  and  other  concrete  structures,  and  for  forms 
for  all  walls,  piers,  etc.     Detail  plans  of  travelers,  derricks,  etc.,  should  also  be  fumi^ied  the 

7.  BUls  of  HateiUL — Complete  bills  of  material  showing  the  different  ports  of  the  struc- 
ture with  its  mark,  and  the  shipping  weight  should  be  prepared.  This  is  nrrrmiij  in 
checking  up  the  material  to  see  that  it  has  all  been  shifqied  or  received,  and  to  cbecb  the 
shipping  weight. 

8.  Rivet  List. — The  rivet  list  should  show  the  dimensions  and  number  of  all  field  rivets, 
field  bolts,  spikes,  etc.,  used  in  the  erection  of  the  structure. 

9.  List  of  Drawings. — A  list  shoukl  be  made  showing  the  contents  of  all  drawings  belongiiv     1 


DESIGN  PLAnS. — The  preliminary  plans  of  steel  bridges  may  consist  (l)  of  3  stKfl 
diagram  showing  the  stresses,  dimensions  and  sizes  of  the  principal  members  of  the  bridge,  and 
also  standard  specifications  as  given  in  Appendix  1;  (2)  of  detail  plans  which  show  the  make-op 
of  all  the  members  together  with  the  maximum  and  minimum  spacing  of  the  rivets,  thicknesE  and 
siKes  of  plates,  lacing  bars,  etc.,  and  also  standard  specifications;  and  (3)  of  completely  detailed 
shop  plans  and  specifications.  When  properly  carried  out  all  of  the  methods  will  give  satisfactocy 
results.  Ordinarily  the  customer  cannot  understand  the  details  of  the  bridge  from  a  study  of  the 
stress  diagram  and  finds  the  second  and  third  methods  much  more  satisfactory.  It  is  addom 
profitable  to  prepare  ^op  plans  until  aft^  the  order  for  the  bridge  has  been  placed  in  the  shop, 
and  requi^tions  have  been  made  for  the  material.  On  the  whole,  the  method  of  preparing  the 
preliminary  plans,  as  described  in  (2),  is  the  most  satisfactory.  This  makes  it  possible  to  sptdly 
exactly  the  details  of  the  sections  and  at  the  same  time  permits  the  bridge  shop  to  follow  its  own 
methods  wherever  possible.  The  shop  practice  in  different  shops  differs  so  much  that  it  is  ordi- 
narily cheaper  for  the  bridge  company  to  prepare  its  own  shop  plans  than  to  follow  shop  |dans 
that  have  been  prepared  by  engineers  that  are  not  familiar  with  the  particular  shop. 

The  plans  for  concrete  bridges  should  be  prepared  as  shown  in  Chapters  XIX  to  XXIII, 
inclusive,  and  specifications  as  in  Appendix  II. 

BRIDGE  COHTRACTS.— The  contracts  for  building  h^hway  bridges  are  ordinarily  let  by 
county  commissioners,  county  surveyors  or  other  county  officers.  In  a  few  states  contracts  for 
building  bridges  are  let  by  state  or  highway  engineers.  The  common  method  of  awarding  con- 
tracts for  highway  bridges  has  been  about  as  follows:  Three  or  four  weeia  before  the  date  set  for 
the  bridge  letting  the  county  clerk  or  other  officer  advertises  that  bids  will  be  received  up  to  3 
certain  hour  for  building  a  certain  bridge  or  bridges,  and  that  the  bids  will  then  be  publidy 
opened  and  the  contract  awarded.  The  main  dimeuMons  and  the  capacity  only  are  ordinarily 
specified  and  the  bidders  are  asked  to  submit  their  own  plans  and  specifications.  When  the 
various  bids  and  plans  are  received  the  commissioners  are  entirely  at  a  loss  as  to  what  is  the  best 
thing  to  do,  and  the  result  is  that  either  the  contract  is  given  to  the  lowest  bidder  on  a  very  poor 
plan  or  is  given  to  a  favorite  bidder  on  a  plan  that  results  in  a  worse  bridge.  This  loose  method 
of  contracting  for  bridges  makes  it  practically  impossible  for  even  honest  officials  to  procure  a 
satisfactory  structure  and  opens  up  the  way  for  dishonest  officials  and  contractors  to  arrange  a 
deal  whereby  the  public  comes  out  second  <>est.  It  also  makes  it  possible  for  the  contractors  to 
"  pool "  so  that  the  bridge  contract  will  go  to  a  member  of  the  pool  at  an  agreed  price.  The  county 
surveyor  or  local  engineer  is  ordinarily  not  much  better  posted  on  the  merits  of  the  bids  and 
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plans  than  the  commiMioners,  and  hie  participation  in  the  letting  does  not  ordinarily  improve 


The  practice  of  "bridge  pooling"  U  difreputable  and  has  worked  to  the  disadvantage  of 
both  the  public  and  of  reputable  bridge  companies.  It  has  made  it  possible  for  "fake  bridge 
companies"  to  exist  and  also  for  crooked  public  officials  to  receive  part  of  the  profits  of  the  trans- 
action.    It  has  uniformly  resulted  in  high  prices  and  poor  bridges. 

Before  advertising  for  bids  the  matter  of  the  design  of  the  bridge  or  bridges  should  be  placed 
in  the  bands  of  a  competent  consulting  bridge  engineer.  Detail  plans  and  epecilicationB  should 
be  prepared  and  an  estimate  of  the  probable  cost  submitted  to  the  officials.  All  bids  should  then 
be  received  on  the  official  plans  and  specifications.  If  the  bids  are  too  high  they  should  all  be 
rejected  and  the  work  readvertised  on  the  same  or  on  revised  plans.  The  bridge  contractor  takes 
a  considerable  risk  and  is  entitled  to  a  good  legitimate  profit,  and  the  engineer  should  add  15  to 
20  per  cent  for  profit  to  his  estimated  cost.  No  work  should  be  done  at  the  shop  until  after  the 
shop  i^ns  have  been  checked  and  approved  by  the  consulting  engineer.  The  shop,  field  and  final 
inspection  should  be  in  the  hands  of  the  consulting  engineer.  This  method  will  meet  the  approval 
of  all  legitimate  bridge  companies,  and  will  result  in  better  bridges  at  a  less  cost. 

In  several  states  the  construction  of  highway  bridges  is  supervised  by  the  state  highway 
commission,  while  in  other  states  the  state  highway  commission  gives  assistance  in  preparing 
[^na  and  constructing  highway  bridges  when  requested  so  to  do. 

ADVERTISEHENT  FOR  BIDS.— To  obtain  bids  from  responsible  biddera  the  bridge  letting 
should  be  advertised  in  the  local  papera  and  in  the  technical  press. 

The  following  advertisement  will  serve  to  show  what  data  should  be  furnished  prospective 
bidders. 

BRIDGE  ADVERTISEMENT. 

BRIDGES  AND  CULVERTS. 

Kewaneb,  Illinois. 

Sealed  proposals  will  be  received  by  the  Board  of  Commisuonera  of  Road  Improvement 

District  No.  1,  of  Henry  County,  Illinois,  at  Kewanee,  lllincns,  until  eleven  o'clock  A.M.,  Aug.  7, 

1919,  for  the  construction  of  bridges  and  culverts  as  follows: 

50-ft.  Steel  Bridge 24  ft.  wide 

50-ft.  Steel  Bridge 20  ft.  wide 

152-ft.  Concrete  \^duct 34  ft.  wide 

i6o-ft.  Concrete  Viaduct so  ft.  wide 

4  Concrete  Culverts 4  ft.  by  5  ft. 

Proposals  must  be  submitted  on  the  form  furnished  by  the  Board  and  must  be  accompanied 
by  a  certified  check,  payable  to  the  Treasurer  of  Road  Improvement  District  No.  i,  Henry  County, 
Illinois,  for  not  less  than  live  per  cent  of  the  total  amount  of  the  bid. 

Plans,  specifications  and  estimate  of  quantities  may  be  examined  at  the  office  of  the  Con- 
wilting  Engineer,  Kewanee,  III.,  and  at  the  office  of  the  Board  of  Commissioners  of  Road  Improve- 
ment District  No.  1,  Kewanee,  Illinois, 

Plans  will  be  furnished  by  the  undersigned  upon  receipt  of  deposit  of  five  ($5)  dollara  which 
will  be  refunded  upon  safe  return  of  plans. 

The  right  is  reserved  to  reject  any  or  all  bids  and  to  waive  any  informality  in  the  bids 
received.  Board  of  Comuissiokeks  of  Road  Impkovbuent 

District  No.  i,  Henbt  County,  Illinois. 

John  C.  Jones,  Consulting  Engineer. 

COBIRACT.— After  the  contract  has  been  awarded  the  contract  papers  should  be  drawn 
up  and  signed,  and  an  indemnity  bond  should  be  furnished  by  a  good  surety  company.  Sam|Je 
contract  and  bond  forms  used  by  the  author  follow: 
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BRIDGE  CONTRACT. 

Agnameiit  made  this day  of ,  19 ,  by  and  between 

a  corporation  of  the  State  of  ,  pa'ty  of  tbe  firat 

part,  and ,  party  of  the  Beoind  part. 

WltnOMeti),  that  for  tbe  consideration  and  upon  the  term*  and  cxmditionB  faer^nafter  pn^ 
vided,  the  party  of  the  first  part  agrees  to  fumieh  all  materia)  and  labor  therefor,  and  construct 

and  erect  in  a  good  and  workmanlike  manner over  tbe 

called  at  a  point  where  the  

crooaea  said   in  the   of   ,  County  of 

and  State  of ,  according  to  the  attached  plana  aad  aped- 

lications  which  are  made  a  part  of  this  contract:  Tbe  bridge  ia  to  have apans;   extreme 

length  of  each  span,  ;  apace  between  the  face  of  abutmenta,  ; 

roadway,  feet  clear;   sidewalk feet  clear.    The  abutmenta  to  be 

;  the  piera  to  be 

It  is  further  agreed  that  the  said  first  party  shall  save  and  hold  said  second  party  free  and 
harmless  from  any  and  all  claims  for  damages  to  life,  limb  or  [wopeny  occasioned  or  caused  by 
said  first  party's  employees;  and  from  all  claims  for  materials  and  labor  furniabed  on  this  contract. 

The  party  of  the  first  part  agrees  to  complete  the  work  herein  contracted  for,  and  to  have 

tbe  said  bridge  open  and  ready  for  travel  on  or  before  the day  of 

19 

The  party  of  the  second  part  agrees  to  pay  the  party  of  the  first  part  for  said  bridge  the 

sum  of  in  cash,  as  follows:    per  cent  upon  the  delivoy 

by  the  party  of  the  firat  part  of  the  steel  and  other  material  on  the  bridge  site  ior  said  bridge, 

per  cent  additional  upon  the  completion  of  the  erection  of  the  different  parts  of  the 

bridge,  and  the  remaining per  cent  upon  the  completion  and  acceptance  of  the  bridge 

by  the  consulting  engineer  of  the  second  party.  Estimates  of  material  delivered  and  work  done 
shall  be  made  by  the  consulting  engineer  not  later  than  the  5th  day  of  the  month  for  all  material 
delivered  or  work  done  during  the  preceding  month,  and  the  payment  will  be  made  on  or  belate 
the  15th  of  the  month  for  the  material  delivered  and  work  done  the  preceding  month. 

It  ia  further  stipulated  and  agreed  that  tbe  party  of  the  first  part  shall  furnish  to  the  party 
of  the  second  part  an  indemnity  bond  in  an  approved  surety  company  in  the  sum  of 

It  ia  further  stipulated  and  agreed  that  for  the  failure  of  the  first  party  to  complete  the  bridge 

aa  stipulated  the  said  first  party  shall  forfeit   doUara  for  each  working  day  until 

the  bridge  is  completed.     This  sum  to  be  considered  as  liquidated  damages,  and  not  as  a  penalty. 

(It  ia  further  stipulated  and  agreed  that  the  party  of  the  first  part  shall  not  be  held  re^xMi- 
siUe  for  delays  in  delivery  of  material  from  the  rolling  mills,  nor  delays  in  transportation,  nor 
for  delays  occasioned  by  strikes,  fires,  floods,  storms,  or  other  circumstances  beyond  ita  contrul, 
but  may  be  granted  an  extendon  of  time  as  may  be  determined  by  the  consulting  engineer  of  tbe 
second  party.) 

In  Witness  Wbereot,  the  said  parties  to  this  agteement  hereunto  set  their  hands  and  seab 
as  of  the  day  and  year  first  above  written. 

Firat  Party. 

Second  I^arty. 

BOND. 

Kntrw  all  Hen  by  These  Presents,  that  as  party  of  the 

first  part,  and  the   ,  a  corporation  organized  and  existing  under  tbe 

laws  of  the  State  of as  Surety,  are  held  and  firmly  bound  unto  the 

,  party  of  the  second  part,  its  successors  and  assigns,  in  the  sum  of 

dollars,  lawful  money  of  the  United  States,  to  the  payment  of  which  sum  well  and  truly  to  be 
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made  the  said  first  party  and  the  said  Surety  do  hereby  bud  thetnadves,  their  beire,  executors, 
administrators,  bucccssotb  and  asugns,  jointly  and  severally,  firmly  by  these  presents. 

Signed,  Sealed,  Dated  and  Delivered,  this day  of ,  19 

WHEREAS,  the  said  party  o(  tbe  first  part  has  entered  into  a  certain  contract  with  the 

dated  ,  19 ,  for 


which  contract  is  hereto  attached  and  made  a  part  hereof,  and  tot  a  fuller  description  thereof 
reference  is  made  to  said  contract : 

NOW,  THEREFORE,  THE  CONDITION  OF  THIS  OBLIGATION  IS  SUCH,  that 
if  the  said  party  of  the  first  part  riiall  and  does  pay  as  they  become  due,  all  just  claims  for  all 
work  and  labor  performed  and  all  skill  and  material  furnished  in  the  execution  of  such  contract, 
ind,  also,  shall  save  the  party  of  the  second  part  named  in  this  bond  harmless  from  any  cost, 
charge  and  expense  that  may  accrue  on  account  of  the  doing  of  the  work  specified  in  such  contract 
according  to  the  terms  thereof  and  the  contract  price  therein,  and  shall  comply  with  all  the  require- 
ments of  the  law,  then  this  obligation  shall  be  void;  otherwise  to  remain  in  full  force  and  effect. 

IN  TESTIMONY  WHEREOF,  We  have  hereunto  set  our  bands  and  aeals,  this 

day  of ,19 

Signed,  sealed  and  delivered 

in  the  presence  of 


■y 


On  this day  of ,  19 before  me,  a  Notary  Public  in  and 

for  the  County  and  State  aforesaid,  personally  came 

to  me  known,  who,  being  by  me  duly  sworn,  did  depose  and  say  that  he  resided  in 

;  that  he  is  the of  the 

,  the  corporation  described  in  and  wliich  executed  the  above  bond 

as  party  of  the  first  part;  that  he  knew  the  seal  of  said  corporation;  that  the  seal  affixed  to  said 
instrument  was  such  corporate  seal;  that  it  was  so  afKxed  by  order  of  the  board  of  directors  of 
said  corporation  and  that  he  signed  his  name  thereto  by  like  order. 


Notary  PuWic. 

State  op 1 

County  of /**■ 

On  this day  of ,  19. . . .,  before  me,  a  Notary  Public  in 

and  for  the  County  and  State  aforesaid,  personally  came  

to  me  known,  who,  being  by  me  duly  sworn,  did  depose  and  say  that  he  resided  in 

;  that  he  is  the of  the 

,  the  corporation  described  in  and  which  executed  the  above  bond  as 

Surety;  that  lie  knew  the  seal  of  said  corporation;  that  the  seal  affixed  to  said  instrument  was 
such  corporate  seal;  that  it  was  so  affixed  by  order  of  the  board  of  directors  of  said  corporation 
and  that  he  signed  his  name  thereto  by  like  order. 


Notary  Public. 
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I.  Intent  of  Spedflcatlooa. — -The  intent  of  these  epecificatioiia  is  to  provide  for  the  erectioa 
Hnd  completion  of  the  work  described  herein  in  detail,  and  it  is  uaderstood  that  the  contractor 
for  all  or  any  part  will  furnish  all  labor,  materiaU,  tools,  transportation  and  necessary  supplitt 
■□  make  each  part  complete.     Any  deviation  from  these  requirements  must  be  stipulated  in  the 


A  profile  and  bridge  plan  will  be  furnished,  but  each  bidder  must  satisfy  himself  by  ex- 
aminations as  to  the  character  of  the  material  and  all  local  conditions  affecting  the  contract. 

2.  Working  Drawings. — The  contractor  shall  prepare  such  working  or  shop  idans  as  may 
be  required  to  properly  detail  the  work.  The  shop  and  working  drawings  shall  be  submitted  to 
the  engineer  for  his  approval.  All  materials  ordered  or  work  done  bv  the  contractor  before  the 
shop  and  working  drawings  have  been  approved  by  the  engineer  shall  be  done  at  the  risk  of  the 
contractor.  Three  copies  of  shop  and  detail  drawing  shall  be  furnished  to  the  engineer  for 
checking  and  approval;  additional  copies  may  be  required  by  the  engineer. 

3.  Proposals. — The  right  is  reserved  to  reject  any  and  all  bids,  and  to  waive  any  informality. 
All  proposal  guarantees  will  be  returned  immediately  alter  opening  the  bids,  except  those  of  the 
three  lowest  bidders,  which  will  be  returned  within  three  days  after  the  execution  of  the  contract, 
or  rejection  of  all  bids.  . 

4.  Estinutes  of  Quantities. — Preliminary  estimates  of  quantities  furnished  by  the  engineer 
are  intended  only  as  a  check  on  the  contractor's  figures  and  are  not  guaranteed  to  be  accuratt. 
The  estimate  of  quantities  for  linal  payment  will  be  prepared  by  the  engineer  as  the  structure  is 
constructed. 

5.  Changes  in  Plans. — Tlic  plans  arc  prepared  for  the  known  conditions.  Increase  or 
decrease  in  quantities  necessary  to  provide  for  actual  conditions  will  not  impair  this  contract 
If  any  changes  are  made  in  the  plans,  the  price  to  be  paid  for  such  changes  must  be  agreed  upon 
in  writing  at  the  time  such  changes  are  oixjered,  and  before  the  work  is  done  by  the  contractor. 

6.  LUtnlity  Insurance. — The  contractor  shall  carry  liability  insurance  to  protect  the  public 
from  injuries  sustained  bv  reason  of  carrying  on  this  work,  to  protect  the  workmen  emplo)^ 
on  the  work,  or  to  meet  the  requirements  of  the  workmen's  compensation  law,  if  one  be  in  force. 

7.  Patented  Construction. — The  purchaser  assumes  all  responsibility  for  defending  all  suits 
for  infringement  of  any  patent  infringed  or  claimed  to  be  infringed  by  the  design  or  type  of  any 
structure  provided  for  under  plans  furnished  to  the  contractor,  and  to  pay  any  royalty  which 
said  patentee  is  entitled  to  under  judgment  of  the  court,  if  any,  and  to  hold  said  contractor  harm- 
less on  account  of  such  suits  for  royalty. 

The  contractor  assumes  all  responsibility  for  defending  all  suits  brought  for  the  infringement 
of  any  patent  claimed  to  be  infringed  by  any  plans  submitted  by  him,  or  by  any  process  which 
he  may  use  in  the  erection,  construction  or  completion  of  the  structure,  provided  for  in  any  [dans 
furnished  by  the  purchaser,  or  by  the  contractor,  and  to  hold  the  purchaser  harmless  on  account 
of  any  suits  or  claims  for  royalty. 

8.  SupervMon. — The  work  of  construction  is  to  be  carried  on  in  strict  conformity  with  the 

Klans,  specifications  and  drawings  prepared,  and  such  additional  instructions  as  may  be  given 
om  time  to  time  by  the  engineer.    All  materials  and  workmanship  shall  at  all  times  be  subject 
to  inspection  by  the  engineer  or  his  deputy. 

The  engineer  shall  be  furnished  with  every  reasonable  facility  for  ascertaining  that  the  work 
is  in  accordance  with  the  requirements  and  intention  of  the  contract  and  specilications,  even  to 
the  extent  of  uncovering  or  taking  down  portions  of  finished  work.  Should  tne  work  thus  exposed 
or  examined  prove  satisfactory,  th6  replacing  or  making  good  of  the  parts  removed  shall  be  paid 
for  at  the  contract  price  lor  the  class  of  work  done,  but  ^ould  the  work  removed  or  exposed  pro\-e 
unsatisfactory,  the  work  shall  be  replaced  with  satisfactory  material  at  the  expense  of  the  ccn- 

9.  Defective  Work, — The  inspection  of  the  work  shall  not  relieve  the  contractor  of  any  of 
his  obligations  to  fulfill  his  contract,  and  defective  work  shall  be  made  good,  and  unsuitable 
materials  may  be  rejected,  notwithstanding  that  such  work  and  materials  nave  been  prEvioudy 
overlooked  by  the  engineer  and  accepted  or  estimated  for  payment.  Any  work  found  defective 
shall  be  made  good  by  the  contractor  in  a  manner  satisfactory  to  the  engineer,  and  all  mateurial 


determined  by  the  engineer  as  unsuitable  or  not  in  conformity  with  the  specifications  shall  fortb- 

■'  ytheci  '  •       ■ 


with  be  removed  by  the  contractor  from  the  site. 

I  1. 
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10.  CUlnu  tta  Delays. — The  contractor  shall  not  be  entitled  to  any  claim  for  damages  for 
any  hindrance  or  delay  from  any  cause  whatever  in  the  firogress  of  the  work  or  any  portion  thereof, 
but  such  hindrance  may  entitle  him  to  an  extension  of  time  tor  completing  same  sufficient  to  com- 
pensate for  the  detention,  provided  the  purchaser  shall  have  immediate  notice  from  the  contractor 
in  writing  of  the  cause  and  length  of  detention  at  the  time  of  its  occurrence.  The  acceptance  of 
any  part  of  the  work  subsequent  to  the  said  date  shall  not  be  deemed  a  waiver  of  the  purchaser 
to  abrogate  the  contract  for  delay. 

11.  Contractor's  Plant  and  Methods. — The  contractor  shall  provide  and  install  such  a 
construction  plant,  and  shall  use  such  methods  and  appliances  for  the  performance  of  the  work 
to  be  done  under  these  specifications  as  will  secure  a  satisfactorj;  quality  of  work,  and  a  rate  of 
progress  which  in  the  opinion  of  the  engineer  will  insure  completion  of  the  work  within  the  time 
specified.  If,  at  any  time  before  commencing  or  during  the  progress  of  the  work,  such  methods 
or  appliances  appear  to  the  engineer  to  be  unsafe,  inefficient  or  inadet^uatc  for  eecurine  the  safety 
of  the  workmen,  the  qualitv  of  the  work  or  the  rate  of  [wogTess  required,  he  may  order  the  con- 
tractor to  increase  their  safety  and  efficiency,  or  to  improve  their  character,  and  the  contractor 
flhall  comply  with  such  orders;  but  the  failure  of  the  engineer  to  make  such  demand  shall  not 
relieve  the  contractor  from  his  obligations  to  secure  the  safe  conduct,  the  quality  of  the  work 
and  the  rate  of  progress  required  by  these  specifications,  and  the  contractor  alone  shall  be  respon- 
sible for  the  safety,  efficiency  and  adequacy  of  his  plant,  appliances  and  methods. 

s  for  Fsilure  to  Complete  on  Tune. — The  failure  to  complete  the  work  covered 
s  before  .  .  .,  will  work  serious  injury  to  the  purchaser.  On  account  of 
mining  the  damages  arising  out  of  the  failure  to  complete  this  contract  on 

_  n  of  $ per  day  for  each  working  day  is  hereby  agreed  upon,  not  as  a 

penalty,  but  as  Uouidated  damages  which  the  purchaser  will  suffer  by  reason  of  such  default. 

The  purchaser  shall  have  the  right  to  deduct  the  amount  of  any  such  damages  from  any  money 

due  or  to  become  due  to  the  contractor  under  this  contract. 

13.  Liens. — If  at  any  time  before  or  within  30  days  after  this  work  has  been  completed 
any  peraon  or  persons  claiming  to  have  performed  any  labor  or  furnished  aay_  materials  lued  in 
the  completion  of  this  work  shall  file  with  the  purchaser  any  such  notice  as  is  described  in  the 
lien  law,  the  purchaser  shall  retain  until  the  dischar^  thereof,  from  the  money  under  its  control, 
so  much  of  said  moneys  as  shall  be  sufficient  to  satisfy  and  discharge  the  amount  in  such  notice 
claimed  to  be  due,  together  with  the  costs  of  any  action  brought  to  enforce  such  lien  created  by 
the  filing  of  such  notice. 

14.  Contractor's  Office. — The  contractor  shall  maintain  an  office  at  thesite  of  the  work,  at 
whkh  he  or  his  authorized  agent  shall  be  present  at  all  times  while  the  work  is  in  progress.  In- 
structions from  the  engineer  left  at  this  office  shall  be  considered  as  delivered  to  tne  contractor. 
Cofries  of  the  contract,  the  working  drawiMS  and  the  specifications  for  the  work  shall  be  kept  at 
said  office,  ready  for  use  at  any  time.  The  contractor  shall  furnish  accommodations  for  the 
engineer's  inspectors  in  this  office. 

iij.  Bngbwer's  Orders. — Whenever  the  contractor  is  not  present  on  any  part  of  the  work, 
directions  or  orders  may  be  given  by  the  engineer,  and  shall  be  received  and  obeyed  by  the  super- 
intendent or  foreman  who  may  have  charge  of  the  particular  part  of  the  work  in  reference  to 
which  the  orders  are  given. 

16.  Laws  and  Regolatjmu. — The  contractor  shall  comply  with  all  laws  and  municipal 
ordinances  and  regulations  in  any  manner  affecting  those  engaged  or  em|doyed  in  the  work  or  the 
materials  used  in  the  work  or  in  any  way  affecting  the  conduct  of  the  work. 


17.  Payment  of  Laborers. — The  contractor  shall  punctually  pay  the  workmen  who  shall  be 
employed  00  the  work  covered  by  this  contract,  in  cash  or  its  equivalent. 


prosecution  of  the  work,  and  shall  be  present,  either  in  person  or  by  a  duly  .  

tive,  on  the  site  of  the  work,  continually  during  its  progress,  to  receive  instructions  or  directions 
from  the  engineer;  he  shall  not  assign,  transfer,  convey,  sublet  or  otherwise  dispose  of  this  con- 
tract, or  his  right,  title  or  interest  in  or  to  the  same  or  any  part  thereof  without  the  previous 
consent  in  writing  of  the  purchaser  and  of  the  engineer;  and  he  shall  not  assign  by  power  of 
attorney  or  otherwise  any  of  the  money  to  become  due  and  payable  under  this  contract,  unless 
by  and  with  the  like  consent  signified  in  like  manner.  If  the  contractor  shall,  without  previous 
written  consent,  assign,  transfer,  convey,  sublet  or  otherwise  dispose  of  this  contract  or  of  his 
right,  title  or  interest  therein,  or  any  of  the  moneystobecome  due  under  this  contract  to  any  other 
person,  company  or  other  corporation,  this  contract  may  at  the  option  of  the  purchaser  be  revoked 
and  annulled,  and  the  purchaser  shall  be  relieved  and  discharged  from  any  and  all  liability  and  all 
obligations  growing  out  of  the  same. 
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19.  RoBpoiuibilit;  of  Contr«ctor.^The  contractor  shall  take  all  responsibility  of  the  work, 
9ha.ll  bear  all  loBses  resulting  to  him  on  account  of  the  amount  or  character  of  the  work,  or  because 
the  nature  of  the  work  to  be  done  is  different  from  that  which  he  aasumes  or  expects,  or  on  account 
of  the  weather,  floods  or  other  causes;  and  he  shall  aasume  the  defense  of  and  indemnify  and 
save  harmless  the  purchaser  and  the  engineer,  their  officers  and  agents  from  ail  claims  arisiag 
from  the  performance  of  this  contract. 

ao.  liability  for  Accidents. — The  contractor  shall,  during  the  performance  of  tbe  work, 
take  all  necessary  precautions  for  the  prevention  of  accidents  and  shall  indemnify  and  save 
harmless  the  purchaser,  the  en^neer,  their  officers  and  agents  from  all  damages  and  costs  to  which 
they  may  be  put  by  reason  of  mjury  to  persons  or  property. 

31.  Abandomeat  of  Work.—If  the  work  to  be  done  under  this,  contract  shall  be  abandoned 
by  the  contractor,  or  if  the  work  shall  be  assi^ed,  or  if  at  any  time  the  engineer  shall  be  of  the 
opinion  and  shall  so  certify  in  writing  to  the  purchaser  that  tbe  performance  of  the  contract  b 
unnecessarily  or  unreasonably  delayed,  or  that  the  contractor  is  wilfully  violating  any  of  tbe 
conditions  or  covenants  of  the  contract  or  of  the  spedfications,  or  is  executing  the  same  in  bad 
faith  or  not  in  accordance  with  the  terms  thereof,  or  if  the  work  be  not  fully  completed  within  the 
time  mentioned  in  this  contract  for  its  completion,  the  purchaser  shall  notify  the  contractor  to 
discontinue  the  work  or  such  part  thereof,  and  the  purchaser  shall,  after  three  days,  have  the 
power  to  contract  for  the  completion  of  the  work,  or  to  place  such  persons  as  he  may  deem  advisable 
by  contract  or  otherwise  to  complete  the  work  herein  described  or  such  part  thereof,  to  take  pos- 
session of  and  use  any  of  the  materials,  plant,  tools,  equipment,  supplies,  and  property  of  every 
kind  provided  by  the  contractor  for  the  purposes  of  this  work,  and  to  procure  other  materiab 
for  the  completion  of  the  same  and  charge  tne  expense  of  such-labor  ^nd  materials  to  the  contractor. 
The  expense  so  charged  shall  be  deducted  and  paid  by  the  purchaser  out  of  such  moneys  as  nay 
be  due  or  may  at  any  time  thereafter  become  due  to  the  contractor  under  and  by  virtue  of  thn 
work  or  any  part  thereof.  And  in  case  such  expense  shall  exceed  the  amount  which  would  haw 
been  payable  under  the  contract  if  the  same  has  been  completed  by  the  contractor,  he  shall  pay 
the  amount  of  such  excess  to  the  purchaser,  and  in  case  such  expense  shall  be  less  than  the  amount 
which  would  have  been  payable  under  this  contract  if  the  same  had  been  completed  by  the  con- 
tractor, he  shall  receive  tbe  difference. 

32.  Payments. — If  stipulated  in  the  contract,  the  contractor  will  receive  monthly  estimates 
based  on  the  materials  furnished  at  the  site  and  work  completed  that  may  be  acceptable  to  the 
en^oeer.  AH  monthly  estimates  shall  be  approximate  only,  and  shall  be  subject  to  tbe  final 
estimate.  Unless  otherwise  stipulated  in  the  contract  payments  of  85  per  cent  of  the  monthly 
estimates  will  be  paid  on  or  before  the  tenth  day  of  the  month  following  the  one  in  which  the 
material  is  delivered  or  the  work  constructed. 

aj.  Bztra  Work. — Materials  or  labor  required  to  be  furnished  for  the  completion  of  the  work 
covered  bv  these  specifications  and  not  included  in  the  contract  will  be  paid  for  on  the  basb  ol 
the  actual  cost  of  materials  furnished  and  labor  performed  plus  ten  per  cent  (10%)  to  cover 
superintendence  and  profit.  No  extra  work  is  to  be  done  except  on  written  order  of  the  engineer, 
whose  decision  is  to  be  final  in  the  settlement  of  any  dispute  that  may  arise  as  to  the  cost  of  such 
extra  work  furnished.  All  bills  for  extra  work  shall  be  submitted  in  detail  to  the  engineer  for  t^ 
approval  within  30  days  after  the  furnishing  of  such  materials  or  labor  for  which  extra  payment 
is  claimed. 

34.  Completion  of  Contract. — The  contractor  shall  remove  all  falsework,  excavated  material 
or  useless  material,  replace  or  renew  any  fences  damaged  and  leave  the  work  in  a  condition  satis- 
factory to  the  engineer.  All  excavated  material  or  falsework  placed  in  the  stream  channel  during 
construction  shall  be  removed  by  the  contractor  before  final  acceptance  of  the  work. 

All  old  material  taken  from  the  old  bridge  or  excess  material  belonging  to  the  purchaser  shall 
be  neatly  piled  or  stored  as  directed  by  the  engineer,  - 

The  engineer  shall  make  final  inspection  upon  being  notified  by  the  contractor  that  the  work 
is  completed.  If  the  work  is  not  acceptable  to  tbe  engineer  be  shall  advise  the  contractor  a* 
to  the  particular  defects  that  must  be  remedied. 
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CHAPTER  XXV. 

ESTIBJATES  AND  CoSTS  OF  HIGHWAY   BRIDGES   AND  CuLVERTS. 

Introduction. — The  coat  a!  an  engiaeering  structure  may  be  aeparated  into  several  items  as 
follows:  (l)  cost  of  (riain  materials;  (2}  cost  of  shop  fabrication;  (3)  cost  ot  engineering  and 
inspection:  (4)  cost  of  transportation;  (5)  cost  of  erection.  Before  the  estimate  of  co«  can  be 
prepared  it  will  be  necessary  to  prepare  an  estimate  of  the  quantities.  The  estimates  of  steel 
bridges  and  of  concrete  bridges  and  culverts  will  be  discussed  separately. 

ESmUTES  OF  WEIGHT  OP  STEEL  HIGHWAT  BRIDGES.— There  are  three 
methods  of  estimating  the  weight  of  a  steel  bridge.  (1)  Estimate  from  finished  shop  drawii^; 
e  from  detail  drawings;  (3)  estimate  from  stress  sheet. 
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Fig.  I. 

(i)  Bctimate  fnmi  Shvf  Drawings. — in  making  an  estimate  of  a  steel  highway  bridge  from 
the  shop  drawings  the  form  shown  in  Pig.  I,  will  be  found  very  convenient.  The  weights  of  the 
members  in  the  order  end-posts,  top  chords,  lower  chords,  intermediate  posts,  main  ties,  hip 
verticals,  counter  ties,  floorbeams,  joists,  hub  guard,  wall  plates,  top  lateral  struts,  sway  struts, 
top  lateral  rods,  sway  rods,  bottom  lateral  rods,  portals,  chord  pins  and  nuts,  pedestals,  bolts  and 
spikes  are  calculated.  Details  of  the  calculation  of  the  weight  of  the  end-poets  of  the  133-ft.  span 
fun-connected  h^hway  bridge  shown  in  F^.  8  to  Fig.  10  in  Chapter  XIV  are  given  in  Fig.  i. 
The  summary  of  the  total  weight  of  the  metal  in  the  bridge  calculated  from  the  shop  drawings 
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is  given  in  Table  11.  The  "main  members"  are  those  that  are  given  on  the  stress  sheet  and 
are  either  members  in  which  stresses  occur  or  which  are  specihed  by  the  designing:  engineer: 
while  the  "details"  are  plates,  an^es,  rivets,  etc.,  which  are  necessary  to  develop  the  Etrengthof 
the  main  members.  The  values  given  in  column  lo  are  the  weights  of  "details"  in  per  cent  (rf 
weights  of  "main  members."  The  weights  per  foot  given  in  ccdumn  7  were  obtained  from 
Ketchum's  "Structural  Engineer's  Handbook,"  or  from  Cambria  or  Carnegie,  TTie  weight  fat 
rivet  heads  should  be  the  mean  of  the  weight  of  rivet  heads  as  made  on  the  rivet  and  as  drivm 
in  work.  The  actual  shipping  weight  is  desired,  and  the  weights  of  rivet  heads,  only,  are  calcu- 
lated, it  being  assumed  that  the  remainder  of  the  rivets  (ill  the  holes  punched  in  the  membeta. 
The  total  weights  of  the  different  parts  of  the  bridge  and  the  pcrcent^^  of  details  are  shown  in 
Table  II.  The  total  weight  of  details  in  per  cent  of  main  members,  exclusive  of  fence,  joists,  wall  1 
plates,  bolts  for  lumber  and  spikes,  is  35.4  per  cent.  The  total  weight  of  rivet  beads  in  per  cent 
of  total  weight  of  bridge,  exclusi\-e  of  fence,  joists,  etc.,  is  4.5  per  cent. 

TABLE  I. 
«  StnniAsy  of  Weight  of  Metal. 

til  ft.  6  in.  X  18  ft.  o  in.,  Riveted  Highway  Bridge. 
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■  TTie  weight  of  pins  in  highway  bridges  varies  from  a  to  3  per  cent  of  the  total  weight  <rf  tht 
metal,  exclusive  of  joists,  fence,  etc.  The  weight  of  rivet  heads  in  pin-connected  bridges  varies 
from  2  to  4)  per  cent  of  the  total  weight  of  the  metal,  exclusive  of  joists,  fence,  etc.  The  we^t 
of  rivet  heads  in  riveted  highway  bridges  varies  from  a. 5  to  5  per  cent  of  the  total  weight  of  the 
metal,  exchisive  of  fence,  joists,  etc.  The  total  weight  of  the  rivet  heads  in  the  1 1 1  ft.  6  in.  riveted 
Pratt  truss  highway  bridge,  shown  in  Figs,  i  and  1,  Chapter  XIV,  was  2.8  per  cent  of  the  total 
weight  of  the  metal,  exclusive  of  the  joists,  fence,  etc. 
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The  details  in  per  cent  of  total  weight  of  main  members,  exclusive  of  joists,  fence,  etc.,  will 
r  from  30  to  40  per  cent  for  pin-connected  and  riveted  highway  bridges  in  which  the  top  chords 
made  of  two  channels  and  one  plate,  of  two  an^ea  placed  back  to  back,  or  two  angles  and  a 
e;  whileforbridges  with  open  chorda  compoBcd  of  two  channels  laced,  or  two  angles  laced,  the 
tils  will  vary  from  35  to  50  per  cent  of  the  weight  of  the  main  members.  The  details  of  low 
s  riveted  highway  bridges  will  weigh  from  35  to  45  per  cent  of  the  total  weight  of  main  mem- 
I,  exclusive  of  joists,  fence,  etc. 
The  weight  of  pedestals  in  terms  of  the  total  weight  of  metal,  exclu»ve  of  joists,  fence,  etc., 
vary  from  3  to  4  per  cent.  T^e  summary  of  the  weight  of  the  132-ft.  span  pin-connected 
Ige  shown  in  Fig.  8  to  Fig.  10,  Chapter  XIV,  is  given  in  Table  II,  while  the  weight  of  the 
liIb  of  the  members  of  a  ill  ft.  6  in.  riveted  Pratt  highway  bridge  are  given  in  Table  I. 
;  shc^  drawings  of  this  bridge  are  shown  in  Figs,  i-  and  2,  Chapter  XIV.  This  bridge  has 
vy  details.  -As  a  rule,  highway  bridges  do  not  have  sufficient  details  to  properly  develop  the 
rngtha  of  the  members.  In  this  connection  it  should  be  remembered  that  the  per  cent  of 
ails  should  be  larger  for  light  coimtry  highway  brieves  than  for  heavy  city  or  electric  railway 
dges  designed  under  similar  specifications. 

The  per  cent  of  the  details  for  different  individual  members  of  a  bridge  can  be  seen  by  the 
dy  of  Table  I  and  Table  II.  It  will  be  seen  that  there  is  a  great  variation  in  the  details 
lending  upon  the  make-up  of  the  member  and  other  conditions.  The  estimater  should  WM'k 
:  numerous  pn^lems  and  in  this  manner  devekp  his  estimating  aense. 

TABLE  II. 

StniuAKY  OF  Weight  of  Metal. 

133  ft.  o  in.  X  15  ft.  %  in.,  Hn-connected  Highway  Bridge. 
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(j)  Estimate  from  Detail  DrawiagB. — Detail  drawings  show  the  main  membeis  paniallr 
detailed.  The  drawings  give  the  number  and  approximate  sizes  of  plates,  the  sizes  of  lacing  ban, 
riveta,  etc.,  and  the  approximate  rivet  spacing.  In  maUng  an  estimate  (roro  detail  drawings  tht 
main  members  are  taken  from  the  drawings,  while  part  of  the  details  are  supplied  by  the  estimaiet. 
In  order  that  the  estimate  be  accurate  the  esimater  must  be  familiar  with  the  shop  standards oJ 
the  company  that  will  fabricate  the  structure. 

{3)  Estimate  from  tlie  Streaa  Sheet. — In  this  method  the  weights  of  the  main  membera  aie 
calculated  directly  from  the  stress  sheet,  while  the  weights  of  the  details  are  supplied  by  tbe  esti- 
mater.  The  weight  of  the  details  may  be  estimated  (a)  by  adding  a  percentage  to  each  member— 
end-post,  top  chord,  etc.,  or  (6)  by  adding  a  percentage  to  the  total  weight  of  main  members, 
exclusive  of  fence,  joists,  etc.  The  second  method  is  very  satisfactory  where  a  standard  type  of 
bridge  is  used,  while  the  first  method  should  always  be  used  for  new  types  of  const ructicm. 

Approximate  estimates  may  be  obtained  from  calculated  weights,  as  shown  in  Chapter  IX 
This  method  is  quite  accurate  when  the  tables  or  diagrams  have  been  calculated  for  the  standanb 

Accuracy  of  EstimaUs. — The  rolls  used  in  rolling  sections  are  designed  to  give  a  sectiaa  d 
the  required  weight  when  the  rolls  are  new,  so  that  sections  are  usually  slightly  heavier  than  tbc 
figured  weights  due  to  the  wear  or  the  spreading  of  tbe  rolls.  It  iscommonly  ^>ecified  thattheacdnl 
weight  of  fabricated  steel  work  may  vary  not  more  than  zj  per  cent  from  the  figured  weight.  Thii 
means  that  where  fabricated  structural  steel  is  ixiught  at  a  pound  price,  the  purchaser  will  haie 
to  pay  for  the  actual  weight,  providing  it  docs  not  exceed  the  calculated  weight  by  more  than  ^t 
per  cent.  Where  fabricated  structural  steel  work  is  more  than  2\  per  cent  lighter  tlwo  th( 
calculated  weight,  the  purchaser  may  refuse  to  accept  the  material.  This  latter  case  never  occurs 
unless  sections  lighter  than  those  shown  on  the  drawings  are  substituted.  The  estimate  made 
from  shop  drawings  should  be  used  as  a  basis  for  comparison.  The  results  obtained  from  tbe 
detail  drawings  or  from  stress  sheets  should  not  vary  from  shipping  weight  by  more  than  1)  to  i 
per  cent,  and  should  be  a  little  heavy  rather  than  light.  Estimates  from  stress  sheets  should  be 
made  only  by  a  skilled  eattmater. 

Shop  Waste. — The  shipping  weight  of  fabricated  structural  steel  will  be  less  than  the  weight 
of  the  rolled  steel,  due  to  the  loss  in  rivet  slugs,  clippings,  beveled  cuts,  milling,  etc.  This  loss 
will  vary  from  3  to  5  per  cent  for  highway  bridges. 

Estimate  of  Lumber. — Lumber  is  estimated  in  board  feet,  a  hoarA  foot  being  a  piece  13  in. 
square  and  I  in.  thick.  Commercial  sizes  of  lumber  are  less  than  the  stated  dimeo^ons,  90  that 
where  full  sized  timbers  are  desired  it  is  necessary  to  specify  this  explicitly.  Specifications  for 
bridge  timbers  are  given  in  Chapter  XVI, 

Weight  of  Floor. — The  weight  of  oak  is  commonly  taken  as  4}  and  pine  3}  lb.  per  foot  B-  M. 
The  actual  weights  of  other  materials  should  be  calculated,  see  Appendix  I, 

ESTIHATE  OF  COST.— The  cost  of  a  steel  highway  bridge  may  be  divided  into  (i)  cost 
of  material,  (2)  cost  of  fabrication,  (3)  cost  of  transportation,  (4)  cost  of  erection,  (5)  coet  m 
substructure,  and  (6)  proht.  The  subject  of  costs  is  a  very  difficult  matter  to  handle,  and  the 
author  would  caution  the  reader  to  use  the  data  given  on  the  following  pages  with  great  cart. 
for  the  reason  that  costs  are  always  relative  and  what  may  be  a  fair  cost  in  one  case  may  be  sadh' 
in  error  in  another  case,  which  appears  to  be  an  exact  parallel.  The  price  of  labor  will  be  gi\tr 
in  each  case  or  the  cost  will  be  charged  on  the  basis  of  40  cmis  per  hour,  which  includes  labcM",  cost  d 
management,  tools,  etc.  The  costs  given  below  are  the  average  costs  for  a  shop  with  a  capacity  of 
about  1,000  tons  per  month  that  has  made  a  specialty  of  highway  bridge  work.  The  costs  gat* 
are  based  on  a  charge  of  40  ctnti  per  hour  for  the  number  of  hours  actually  consumed  in  getttue  wJ 
the  contract.  This  charge  is  assumed  to  cover  the  cost  of  management,  cost  of  operation  tod 
:,  as  well  as  the  cost  of  labor.     The  cost  of  management  in  a  smaU  shop  is  very  knr. 

n  a  large  concern  it  may  amount  to  as  much  as  35  to  40  per  cent  oF  all  the  other  charges 
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combined.  For  this  reason  small  shopa  can  often  Tabricate  light  highway  bridge  Meel  for  a  Icsa 
coat  than  the  large  shops.  For  additional  data  on  the  costs  of  etructural  steel,  see  the  author's 
"Th«  Design  of  Steel  Mill  Buildings,"  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  "The 
Dedgn  of  Mine  Structures"  and  "The  Structural  Engineers'  Handbook." 

The  costs  given  for  labor  are  based  on  scales  of  labor  m  I9r3  and  represent  prewar  condi- 
tions. Before  applying  these  labor  costs  to  present  structures,  the  engineer  should  make  the 
proper  adjustment  for  the  increase  in  va^gea  and  also  (or  the  present  decrease  in  efficiency  of 
workmen. 

I.  Cost  ^  HateriaL — The  price  of  striH:tural  steel  is  quoted  in  cents  per  pound  delivered 
f.  o.  b.  cars  at  the  point  at  which  the  quotation  is  made.  Current  prices  may  be  obtained  from 
the  Er^neering  News- Record,  Iron  Age  or  other  technical  papers.  The  present  prices  (November, 
I919)  f.  o.  b.  Pittsburgh,  Pa.,  are  about  as  follows: 

TABLE    IH. 
Prices  of  Structural  Steel  (1919)  f,  o.  b,  Pittsburgh,  Pa.,  in  Cents  per  Pound. 

Price  bCt*. 

Maletlal  pn  Lb. 

I-beams,  18  in.  and  over 2.55 

I-beams  and  channels,  3  in.  to  15  in 345 

M-beams,  over  S  in a,6o 

Angles.  3  in.  to  6  in.  inclusive a.45 

Angles,  over  6  in 3.50 

Zees,  3  in.  and  over 3.45 

Angles,  channels,  and  zees,  under  3  in 340 

Deck  beams  and  bulb  angles 2.75 

Checkered  and  corrugated  plates 3.75  to  3.90 

Plates,  structural,  base 3.66 

Plates,  flange,  base 2.76 

Corrugated  steel  No.  22,  painted 4.50 

Corrugated  steel  No.  33,  galvanized 5.50 

Steel  sheets  Nos.  10  and  11,  black 3.55 

Steel  sheets  Nos.  10  and  11,  galvanized 4.70 

Steel  sheets  No.  33,  black 4,30 

Steel  sheets  No.  32,  galvanized 5.30 

Bar  iron,  base 345 

Rivets 4.30 

Round  and  Square  Ban. — In  estimating  round  and  square  bars  use  the  standard  card  (or 
extras.  Table  IV.  It  is  not  usual  to  enforce  more  than  one-half  the  standard  card  extras  for  round 
and  square  bars. 

Extras. — Shapes,  Plates  and  Ban: 

(Cutting  to  lei^h) 

Under  3  ft.  to  2  ft.,  inclusive 0.25  ct.  per  lb. 

Under  2  ft.  to  I  ft.,  inclusive 0,50  ct,  per  lb. 

Under  1  (t 1 .55  ct.  per  lb. 


Extras — Platet  {Card  0}  January  7,  1902) : 

Base  \  in.  thick,  100  in.  wide  and  under,  rectangular  (see  sketches). 
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125  " 


J  130  If 


Over  130 
Cages  under  1  in.  t 
Gages  under  A  ■■>■ 
Gages  under  No.  8 
Gages  under  No.  9 
Gages  under  No.  10  to 

Complete  circles 

Boiler  and  flange  steel 
Marine  and  lire  box . . 
Ordinary  sketches .  .  .  . 


and  including  ^  in 

>  and  including  No.  8 . .  . 

>  and  including  No.  9 .  .  . 
J  and  including  No.  10.  . 
to  and  including  No.  13 . . 


n  width  at  eada,  narrowest  a 


(Except  straight  taper  plates,  varying  not  more  than  4  ii 
t  leas  than  30  in.,  which  can  be  supplied  at  base  prices.) 

TABLE  IV. 
Standabd  CLAssmcATioM  of  Extras  oh  Iron  and  Stekl  Bars.* 
Rounds  and  Sqtiargs. 
Squares  up  to  4}  inches  only.     Intermediate  uzes  take  the  next  higher  extra. 


i    t 
I    t 

4    t 
A 
I 
A 

i   a> 

A 

A 

3A  t 

3t»  t 
4A  t. 
4A  t 
5i  to  5* 
5i  to  6 
6i  to  6i 
61    to  71 


4l 


.    Rate*. 

fo.ioeit 


1.00 
3.00 
2.50 


Flat  Bart  and  Heavy  Bands. 


I.  X  t  to  '      i 
'  X  i  and  A 
'   X  f  to  1 
'   X  i  and  A 


.  Rate*. 

.  |o.aoez 


*  This  classification  has  been  quite  generally  adopted,  although  several  firms  issue  a  special 
card  of  extras.    Carnegie  Steel  Company's  (1919)  extras  are  about  one-hall  of  the  values  in 

Table  IV. 
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TABLE  IV—Continied. 

Standasd  Classification  of  Eztkas  on  Ikom  and  Stbbl  Baks. 

Flat  Ban  and  Heany  Bandt. 

A  and    I    in.  X  I  to     \    in 50  extra. 

ft  and    I     "   X  i  and    ft  " ;o  " 

\  "   X  I  and    ft  " 90  " 

)  "   Xjand    ft  " i.io  " 

ft  "XI  " 1.00  " 

ft  "   X  1  and    ft  " 1.20  " 

f  "  X  i  and    ft  " 1.50  ■' 

ri     toein.  Xifttoiftin 10  " 

li     to6"Xiitoii     ■■ ao  " 

li    to6  "   X  it    toa'     " 30  " 

3i     to  6  "   X  3     to  4       " 40  " 

Mill  Orders. — In  mill  orders  the  (ollowing  items  should  be  borne  in  mind.  Where  beams  butt 
at  each  end  against  some  other  meitiber,  order  the  beams  )  in.  shorter  than  the  figured  lengths, 
this  will  allow  a  clearance  of  \  in.  if  all  beams  come  |  in.  too  long.  Where  beams  arc  to  be  built 
into  the  wall,  order  them  in  full  lengths,  malcing  no  allowance  for  clearance.  Order  small  plates 
in  multiple  lengths.  Irregular  plates  on  which  there  will  be  considerable  waste  should  be  ordered 
cut  to  templet.  Mills  will  not  make  reentrant  cuts  in  plates.  Allow  \  in.  for  each  milling  for 
members  that  have  to  be  faced.  Order  web  plates  for  girders  J  to  J  in.  narrower  than  the  distance 
back  to  back  of  angles.  Order  as  nearly  as  possible  every  thing  cut  to  required  length,  except 
where  there  is  liable  to  be  changes  made,  in  which  case  order  long  lengths. 

It  is  often  possible  to  reduce  the  cost  of  mill  details  by  having  the  mills  do  only  part  of  the 
work,  the  rest  being  done  in  the  field,  or  by  sending  out  from  the  shop  to  be  riveted  on  in  the  lield 
connection  angles  and  other  small  details  that  would  cause  the  work  to  take  a  very  much  higher 
price.  Standard  connections  should  be  used  wherever  possible,  and  special  work  should  be 
avoided. — For  additional  notes  on  ordering  material,  see  Chapter  XV. 

(fr)  COST  OP  HILL  DETAILS.— If  material  is  ordered  directly  from  the  rolling  mill  the 
price  for  the  necessary  cutting  to  exact  length,  punching,  etc.,  is  based  on  a  standard  "card  of 
miU  extras." 

CARD  OP  HILL  EXTRAS.— If  the  estimate  is  to  be  based  on  card  rates  it  will  be  necessary 
to  have  the  subdivisions  a,  b,  c,  d,  e,  f,  r,  etc.,  as  follows; 

a  =•  Q.iyts.  per  lb.  This  covers  plain  punching  one  size  of  hole  in  web  only.  Plain  punch' 
ing  one  size  of  hole  in  one  or  both  flanges. 

b  -  o.25di.  ptr  ib.  This  covers  plain  punching  one  size  of  hole  either  in  web  and  one  flange 
or  web  and  both  flanges.     (The  holes  in  the  web  and  flanges  must  be  of  same  size.) 

c  —  o.yxU.  per  lb.  This  covers  punching  of  two  sizes  of  holes  in  web  only.  Punching  of 
two  nzes  of  holes  either  in  one  or  botn  flanges.  One  size  of  hole  in  one  flange  and  another  size 
of  hole  in  the  other  flange. 

d  =  o.35£(i.  per  lb.  This  covers  coinng,  ordinary  beveling,  riveting  or  bolting  of  connection 
angles  and  assembling  into  girders,  when  the  beams  forming  such  girders  are  held  together  by 
separators  only. 

e  =  0.4OCI;.  ptr  lb.  This  covers  punching  of  one  uze  of  hole  in  the  web  and  another  size  of 
hole  in  the  flanges. 

/  -  O.tsds.  per  Ib.     This  covers  cutting  to  length  with  leas  variation  than  ±  |  in. 

r  =  o.^octs.  per  lb.  This  covers  beams  with  cover  plates,  shelf  angles,  and  ordinary  riveted 
beam  work.  If  this  work  consists  of  bending  or  any  unusual  work,  the  beams  should  not  be 
included  in  beam  classification. 

Fittings. — All  fittings,  whether  loose  or  altached,  such  as  anfile  connections,  bolts,  separators, 
tie  rods,  etc.,  whenever  they  are  estimated  in  connection  with  beams  or  channels  to  be  charged 
at  i.jscts.  per  lb.  over  and  above  the  base  price.  The  extra  chaive  tor  painting  is  to  be  added 
to  the  price  (or  fittings  also.  The  base  price  at  which  fittines  are  figured  is  not  the  base  price  of 
the  beams  to  which  they  are  attached  but  is  in  all  cases  the  base  price  of  beams  15  in.  and  under. 
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The  above  rates  witi  not  include  painting,  or  oiling,  which  should  be  charged  at  the  rate  of 
o.iocta.  per  lb.  for  one  roat,  over  and  above  tbe  base  price  plus  the  extra  specified  above. 

For  plain  punched  beams  where  more  than  two  sizes  of  holes  are  used,  o.iScts.  per  lb.  should 
be  added  for  each  additional  size  of  hole,  for  example,  plain  punched  beams,  where  three  sizes  of 
holes  occur  would  be  indicated  as:  e  +  cljcts.,  four  sizes  of  holes;  e  +  o.jocts.  For  example: 
a  beam  with  \  in.  and  }  in.  holes  in  the  flanges  and  |  in.  and  ]  in.  holes  in  the  web  should  be 
included  in  class  e. 

Cutting  to  length  can  be  combined  with  any  of  the  other  rates,  class  d  excepted,  and  would 
have  to  be  indicated;  tor  examine:  Plain  punching  one  uze  of  hole  in  either  web  and  one  flange, 
or  web  and  both  flanges,  and  cutting  to  length  would  be  marked  bf,  which  would  establish  a  toul 
charge  of  o.40Cts.  per  lb. 

tioU  to  class  d, — No  extra  chai^  can  be  added  to  this  class  for  punching  various  sues  of 
holes,  or  cutting  to  exact  lengths;  in  other  words;  if  a.  beam  is  coped  or  has  connection  angks 
riveted  or  bolted  to  it,  it  makes  no  difference  how  many  sizes  of  holes  are  punched  in  this  beam, 
the  extra  will  always  be  the  same,  namely  o.35cts.  When  beams  have  an^es  or  plates  riveted  to 
them,  and  same  are  not  half  length  of  the  beam,  Rgure  the  beams  as  class  d,  and  tbe  plates  asd 
angles  as  beam  connections. 

Note  to  class  r.^Thia  rate  of  o.jocts.  per  lb.  applies  to  all  the  material  making  up  the  riwtcd 
beam.  In  case  of  assembled  girders  in  which  one  of  the  beams  should  be  classed  as  a  riveted 
beam,  in  making  up  the  estimate,  figure  only  the  beam  aflfected  as  included  in  class  "r."  When 
beams  have  angles  or  plates  riveted  to  them  and  same  are  half  length  or  more  than  half  length 
of  the  beam,  figure  the  beams  as  class  "r,"  including  the  plates  or  angles  and  rivets.  Wbea 
i8  in.,  30  in.,  or  34  in.  beams  are  in  "r"  class  keep  the  I's  separate  from  the  material  (plates,  oit 
iron,  separators,  angles  and  rivets)  which  should  go  under  heading,  "  15  in.  I's  and  Under." 

Beams  should  be  divided  as  15  in.  I's  and  under,  and  18  in.,  30  in.  and  34  in.  I's.  IF  then 
are  only  one  or  two  sizes  of  beams  in  any  particular  class,  give  exact  sizes,  instead  of  "  15  in.  I't 
and  Under." 

In  estimating  channel  roof  purlins  classify  7  in.  channels  and  smaller  as  one  punched;  S  is. 
channels  and  larger  as  two  punched,  unless  they  are  shown  or  noted  otherwise,  ana  keep  sepuitt 
from  other  beams. 

No  extra  charge  can  be  added  to  curved  beams  for  riveting,  cuttine  to  length,  etc. 

Subdividing  work  into  a  large  number  of  classes  should  be  avoided;  it  is  better  to  have  too 
few  classes,  rather  than  too  many. 

The  only  subdivi«on  necessary  for  cast  iron  columns  are:  i  in.  and  over,  and  under  1  ia. 
Columns  with  ornamental  work  cast  on  must  be  kept  separate. 

In  estimating  the  cost  of  plain  material  in  a  finished  structure  the  shipping  weight  from  the 
structural  shop  is  wanted.  The  cost  of  material  f,  o.  b.  the  shop  must  therefore  include  the  ooM 
of  waste,  paint  material,  and  the  freight  from  the  mill  to  the  shop.  The  waste  is  variable  but 
as  an  average  may  be  taken  at  4  per  cent.  Paint  material  may  be  taken  as  two  dollars  per  ton. 
The  cost  of  f^in  material  at  the  shop  would  be 

Average  cost  per  lb.  f.  o.  b.  mill,  say 2,75  cts  1 

Add  4  per  cent  for  waste II     "  I 

Add  $3.00  per  ton  for  paint  material 10    " 

Add  freight  from  mill  to  shop  (Pittsburgh  to  St.  Louis) 34    "  | 

Total  cost  per  pound  f.  o.  b.  shop  3.30  cts 

To  obtain  the  average  cost  of  steel  per  pound  multiply  the  pound  price  of  each  kind  of  material 
by  the  percent^e  that  this  kind  of  material  is  of  the  whole  weight,  the  sum  of  the  pnxlucts  wiO 
be  the  average  pound  price. 

(c)  COST  OP  SHOP  LABOR.* — The  cost  of  shop  labor  may  be  cakulated  for  the  diffefot 
parts  of  the  structure,  or  may  be  calculated  for  the  structure  as  a  whole.  The  foUoning  costs 
are  based  on  an  average  charge  0}  40  cents  per  hour  and  include  deiaiUng  and  shop  labor.  The  cost 
of  fabricating  beams,  channels  and  angles  which  are  simply  punched  or  have  connection  angles 
loose  or  attached  should  be  estimated  on  the  basis  of  mill  details,  which  see. 

For  cost  of  making  shop  details,  see  the  author's  "  Structural  Engineers'  Handbook." 
*  With  the  present  (1919)  condition  of  the  labor  market  the  author  thought  it  wise  to  reprint 
the  costs  of  shop  labor  given  in  the  author's  "Structural  Engineer's  Handbook."     These  coMi 
were  based  on  conditions  in  1913,  and  represented  prewar  conditions. 
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SHOP  COSTS  OF  INDIVIDUAL  PAKTS  OP  BRIDGES.— The  cost  of  (abricating  joists 
and  other  similar  memben  should  be  ecttmated  on  the  baus  of  mill  details,  which  see.  (Based 
on  prewar  conditions  in  1913  and  a  cast  40  cts.  per  hour  which  includes  detailing  and  shop 
tabor). 

Bj«-B«ra. — The  shop  cost  of  eye-bars  varies  with  the  size  and  length  of  the  bars  and  the 
number  made  alike.  The  following  costs  are  a  fair  average:  Avera^  shop  costs  of  bars  3  in.  and 
less  in  width  and  i  in.  and  less  in  thickness  is  from  i,30  to  1.80  cts.  per  lb.,  depending  upon  the 
length  and  size.  A  good  order  of  bars  running  3)  in.  X  1  in.  to  3  in.  X  )  in.,  and  from  16  to  30 
ft.  long,  with  few  variations  in  size,  will  cost  about  1.30  cts.  per  lb.  Large  bars  in  long  lengths 
ordered  in  large  quantities  can  be  fabricated  at  from  0.55  to  0,75  cts.  per  lb.  To  get  the  total  cost 
of  eye-bars  the  cost  of  bar  steel  must  be  added  to  the  shop  cost.  Half  card  extras  given  in  Table 
IV  should  ordinarily  be  added  to  the  base  price  of  plain  steel  bars. 

Chords,  Posts  and  Towers. — In  lots  of  at  least  four,  the  shop  coat  is  about  as  foHows;  Members 
made  of  two  channels  and  a  top  cover  plate  with  lacing  on  the  bottom  side,  or  two  channels  laced 
on  both  sides  cost  about  1,00  to  0.85  cts.  per  lb.  for  pin-connected  members  weighing  from  600 
to  1,500  lb.;  and  about  0.80  to  0.70  cts.  per  lb.  for  members  with  riveted  end  connections.  Mem- 
bers made  of  four  angles  laced  cost  from  0.80  to  1. 10  cts.  per  lb.  for  members  with  riveted  ends. 
Members  made  of  two  angles  battened  will  cost  about  0.50  cts.  per  lb.  Angles  used  without  end 
connections  should  have  their  cost  estimated  on  the  ba«s,of  mill  details,  which  see. 

Pins. — The  cost  of  chord  pins  will  vary  with  the  size,  number  and  other  requirements.  Tlie 
shop  cost  of  chord  |Hns  and  nuts  may  be  estimated  at  from  3.0O  to  3.00  cts.  per  lb.  Rollers  will 
cost  practically  the  same  as  pins.     Rolled  rounds  (pin  rounds)  are  used  for  making  pins  and 

Latticed  Penca.— The  shop  cost  of  light  nm|^  latticed  fence  made  of  two  3  in.  X  3  in. 
angles,  with  double  lacing  and  about  iS  in.  deep,  will  be  about  a.oo  cts.  per  lb.;  while  the  shop 
cost  of  latticed  fence,  with  ornamental  rosettes  or  ornamental  plates,  may  be  as  much  as  4.00  to 
5.00  cts.  per  lb. 

Floorbeams  and  Stringers. — Plate  girders  used  for  tloorbeams  and  stringers  will  cost  from 
o.Oo  to  1.35  cts.  per  lb.  depending  upon  the  weight,  details  and  number  made  at  one  time.  Floor- 
beams  made  of  rolled  I-beams  will  cost  from  0.50  to  0.75  cts.  per  lb. 

SHOP  COSTS  OP  BRIDGES  AS  A  WHOLE.— The  cost  will  be  taken  up  under  the  head 
of  [rin-connected  bridges,  riveted  bridges,  plate  girder  bridges,  combination  bridge  metal,  and 
Howe  truss  metal.  These  shop  costs  represent  prewar  conditions  in  1913,  and  were  based 
on  an  average  charge  of  40  cents  per  hour  and  include  detailing  and  shop  labor. 

Shop  Costs  of  Pin-connected  Bridges. — The  shop  costs  of  pin-connected  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Bridges  weighing      5,000  lb.  and  less I.30  cts.  per  lb. 


'*  "  20,000  to   40,000  lb. 0.90 * 

"             "          40,000  to    60,000  lb 0.80  "     "     " 

60,000  to  100,000  lb....; 0.75 

"            "        100,000  to  150,000  lb 0.70  "     "     " 

'*             "        150,000  and  up 0.65  "     "     " 

These  .costs  include  detailing  and  one  coat  of  shop  paint.     For  reaming  add  0.15  cts.  per  lb. 

Sbop  Costs  of  Riveted  Truss  Bridges. — The  shop  costs  of  riveted  truss  highway  or  railway 

bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 
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Bridges  weighing      5,000  ib.  and  leM 1.15  ct«.  per  lb. 

■  "  "  5,000  to    10,000  Ib. i.oo    "      "     " 


olb.. 


0.90   * 


"  "  30,ooo  to    40,000  Ib 0.85  "  "  " 

"  "  40,000  to   60,000  Ib 0.75  "  "  " 

"  "  60,000  to  100,000  Ib. 0.70  "  "  " 

100,000  to  150,000  Ib 0.65  "  "  " 

"  "        150,000  Ib.  and  up 0.60  "  "  " 

These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  perlb. 
Shop  Costs  of  Plate  Girder  Bridges. — TIk  shop  costs  of  plate  girder  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Spans  weighiog    10,000  Ib.  and  less , . ,  ^ 0.90  cts-  per  lb. 


40,000 lb., _ 0.75    " 


These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  per  lb- 
Shop  Costs  of  Tubular  Piers  and  Culverts. — ^The  shop  costs  of  steel  tubular  pier  shelb  and 
steel  culvert  pipe  are  about  as  follows: 


721 


meUl 

.  to  30  in 

diameter,  1  in 

to  1  in.  metal 

.  to  48  in 

diameter,  }  in 

to  f  in.  metal 

.  to  72  in 

diameter,  J  in 

to  i  in.  metal 

.  and  up 

}in 

to  1  in.  meUl 

0.50 


D0.60  ' 
00.50  ' 
0O-45   ' 


coat  of  shop  paint.     The  neoeraary  bradag 


The  above  shop  costs  include  detailing  and  o 
and  rods  for  tubular  piers  are  included. 

Shop  Cost  of  Combination  Bridge  Uebd. — ^Where  the  bars  and  rods  are  standard  and  the 
castings  are  made  from  standard  patterns,  the  metal  for  combination  bridges  can  be  fabricated 
at  about  the  same  cost  per  pound  as  for  pin^connectcd  spans  weighing  the  same  as  the  w^ght  oj 
the  metal  in  the  combination  bridges. 

Sh^  Coat  of  Howe  Truss  Bridge  HetaL — The  shop  cost  of  highway  bridge  casting*  mark 
from  standard  patterns,  is  from  1. 50  to  a.oo  cts.  per  lb.  The  shop  costs  of  the  plates,  rods  and 
other  miscellaneous  iron  work  will  be  from  2.00  to  2.50  cts.  per  lb. 

COST  OF  ERECTION  OP  STEEL  BRIDGES.*— The  cost  of  erection  oiduiarily  includes: 
(1)  the  cost  of  hauling  the  bridge  to  the  bridge  site;  (2)  the  building  of  the  falsework  and  the 
placing  of  the  steel  in  position;  {3)  the  riveting  up  of  the  bridge,  and  (4)  painting  the  ateel  and 
the  woodwork. 

Hauling. — Transportation  over  country  roads  will  ordinarily  cost  about  25  ct«.  per  to«- 
milc,  in  addition  to  the  cost  of  loading  and  unloading.  In  estimating  the  cost  of  hauling  on  as' 
particular  job  the  length  of  haul,  kind  of  roads,  price  of  teams  and  labor,  and  the  character  a' 
the  teams  should  be  considered.  The  cost  of  loading  on  the  wagons  and  unloading  will  depend 
upon  the  local  conditions,  but  will  ordinarily  be  from  25  to  50  cts.  per  ton.  For  railroad  bridse^ 
the  steel  work  may  ordinarily  be  brought  directly  to  the  site  by  rail. 

*  Based  on  prewar  conditions  in  1913. 


aqitizecibyGoQl^lc 


COST  OF  ERECTION  OF  STEEL  BRIDGES.  443 

FalMWork. — If  piles  are  to  be  used  the  cost  snould  be  carefully  estimated.  The  cost  of  the 
inles  in  place  will  vary  with  the  coat  of  piles  and  local  conditions.  Under  ordinary  conditions 
piles  in  falsework  will  cost  from  2$  to  50  cts.  per  lineal  foot  in  place.  The  cost  of  the  timber  will 
depend  upon  local  conditions  and  upon  what  use  is  made  of  it  after  erection.  The  flooring  plank 
in  highway  bridges,  and  ties  and  guard  timbers  in  railway  bridges  can  often  be  used  in  the  false- 
work without  serious  injury.  The  cost  of  erecting  the  timber  in  the  falsework  will  ordinarily  be 
from  $6.00  to  ^.00  per  thousand  ft.  B.  M. 

Erection  of  Tnbnlar  Pien.^The  cost  of  setting  tubular  piers  for  highway  bridges  will  depend 
upon  the  conditions.  Tubes  36  in.  in  diameter  and  30  ft.  long  have  been  set  in  favorable  locations 
for  {35.00  per  pair,  not  including  the  driving  of  the  piles  or  the  placing  of  the  concrete.  It  is, 
however,  not  safe  to  estimate  the  cost  of  settii^  tubra  from  36  to  48  in.  in  diameter  under  even 
favorable  conditions  at  less  than  (2.00  per  lineal  foot  of  tube.  When  the  coat  of  setting  tubes  i^ 
estimated  by  weight,  it  should  be  figured  at  from  $15.00  to  $10.00  per  ton,  for  ordinary  conditions. 
It  will  commonly  cost  from  25  to  50  cts,  per  lineal  ft.  to  drive  piles  in  tubes,  in  addition  to  the  cost 
of  the  piles,  which  will  vary  from  10  to  30  cts.  per  lineal  foot.  The  concrete  will  commonly  cost 
from  |6.oo  to  $8.00  per  cu.  yd.  in  place  in  the  tube. 

PUdng  and  Bolting. — The  cost  of  placing  and  bolting  up  riveted  highway  spans,  and  erecting 
pin-connected  highway  spans,  no  rivets  being  driven,  is  about  as  follows: 

Highway  spans  from    30  to   60  ft S13.00  to  J15.00  per  ton. 

6otoiooft. io.ooto    ia.oo    ■■     ■■      . 

'*  "        "     100  to  150  ft 9-00  to    10.00    "     " 

"  "        "     150  ft.  and  up 8.00  "     " 

The  cost  of  placing  and  bolting  up  railroad  spans  will  depend  so  much  upon  the  local  con- 
ditions and  equipment  that  it  is  difficult  to  give  general  costs. 

The  cost  of  driving  6eld  rivets  in  pin-connected  spans  will  vary  from  7  to  12  cts.  per  rivet, 
while  the  cost  of  driving  field  rivets  in  riveted  trusses  will  vary  from  6  to  10  cts.  per  rivet.  The 
number  of  rivets  in  riveted  low  truss  highway  bridges  depends  upon  the  number  of  panels  and 
the  style  of  details,  and  will  be  about  155  to  300  for  a  three-panel  bridge,  and  400  to  500  for  a 
six-panel  bridge.  The  number  or  rivets  in  through  riveted  highway  bridges  will  be  about  250  to 
300  for  a  four-panel  bridge,  and  1,300  to  1,500  for  a  nine-panel  bridge.  Pin-connected  bridges 
ordinarily  have  about  )  to  )  as  many  field  rivets  as  a  riveted  bridge  of  similar  dimensions. 

l^ansportatioil. — Fabricated  structural  steel  commonly  takes  a  "fifth-class  rate"  when 
shipped  in  car  load  lots,  and  a  "fourth-class  rate"  when  shipped  "local"  (in  less  than  car  load 
lots).  The  minimum  car  load  depends  upon  the  railroad  and  varies  from  30,000  to  30,000  lb. 
Tariff  sheets  giving  railroad  rates  may  be  obtained  from  any  railroad  company.  The  shipping 
clerk  should  be  provided  with  the  clearances  of  all  tunnels  and  bridges  on  different  lines  so  that 
the  car  may  be  properly  loaded. 

Frdght  Batas.— The  freight  rates  (1919)  on  finished  steel  products  in  car  load  shipments  from 
the  Httsburgh  District,  including  pUtes,  structural  shapes,  merchant  steel  and  iron  bars,  pipe 
6ttings,  plain  and  galvanized  wire,  nails,  rivets,  spikes  and  bolts  (in  kegs),  bbck  sheets  (except 
pUnished),cliain,etc.,areasfollows,  incts. per  loolb.incarloBd  shipments;  Albany,3o;  Buffalo, 
17;  Chicago,  37;  Cincinnati,  33;  Cleveland,  17;  Denver,  99;  Kansas  Qty,  59;  New  Orleans, 
38):  New  York,  371  Pacific  Coast  (all  rail),  135;  nilladelphia,  34);  St.  Louis,  24;  St.  Paul,  49^1 
Detroit,  33;  Baltimore,  33.     (Add  3  per  cent  transportation  tax). 

COST  OP  PAIRTIRO.— The  amount  of  materials  required  to  make  a  gallon  of  paint 
and  the  autiatx  of  steel  work  covered  by  one  gallon  are  given  in  Table  V.  Structural  steel  should 
be  painted  with  one  coat  of  linseed  oil,  linseed  oil  with  lamp-black  filler,  or  red  lead  paint  at 
the  shop;   and  two  coats  of  first-class  paint  after  erection.    The  two  field  coats  should  be  of 
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different  colors:  care  being  used  to  aee  that  first  coat  is  thoroughly  dry  before  applying  the  secood 
coat.    Steel  bridges  and  exposed  steel  frame  buildings  ordinarily  require  repainting  every  three  I 
or  four  years. 

The  steel  work  in  the  extension  to  the  I6th  St.  Viaduct,  Denver,  Cob.,  was  painted  with  red 
lead  paint  mixed  in  the  following  proportions, — too  lb.  red  lead,  3  lb.  lamp-Uack  and  4.125  galkns 
of  linseed  oil.  This  mixture  made  6  gallons  of  mixed  paint  of  a  chocolate  color,  and  gave  1455 
gallons  of  paint  lor  each  galk>n  of  oil. 

TABLE  V. 


>n  oxide  (powdered) . . . 
-.  in  oxide  (ground  in  oil] 
Red  lead  (pondered).  . . 
White  lead  (ground  in  oil 
Graphite  (ground  in  oil) , 

Black  asphalt 

Liiiieed  oil  (no  pigment) 


8.00 
24-75 

21.40 

tz-So 
17.50 


6  =  32.7s 

4  "  30.40 


87s 


Light  structural  work  will  average  about  250  sq.  ft.,  and  heavy  structural  work  about  Ijo 
sq.  ft.  of  surface  per  net  ton  of  metal,  while  No.  20  corrugatix]  steel  has  2,400  sq.  ft.  of  surface. 

It  is  the  common  practice  to  estimate  J  gallon  of  paint  for  the  hrst  coat  and  j  gallon  for  the 
second  coat  per  ton  of  structural  steel,  for  average  conditions. 

A  good  painter  should  paint  I, TOO  to  1,500  sq.  ft.  of  plate  surface  or  corrugated  steel  or  300 
to  500  sq.  ft,  of  structural  steel  work  in  a  day  of  8  hours;  the  amount  covered  depending  upon  the 
amount  of  staging  and  the  paint.  A  thick  red  lead  paint  rnixed  with  30  lb.  of  lead  to  the  gaUoo 
of  oil  will  take  fully  twice  as  long  to  apply  as  a  graphite  paint  or  linseed  oil.  The  cost  of  allying 
paint  is  roughly  equal  to  the  cost  of  a  good  quality  of  paint,  the  cost  per  ton  depending  00  the 
spreading  qualities  of  the  paint.  This  rule  makes  the  cost  of  applying  a  red  lead  paint  whh 
30  lb.  of  pigment  per  gallon  of  oil  from  two  to  three  times  the  cost  of  applying  a  good  graphite 
paint,  per  ton  of  structural  steel.     For  additional  data  on  paints,  see  Chapter  XV. 

Cost  of  Puntiiig  Steel  S^waj  BrldgeB.*— The  cost  of  painting  two  steel  highway  bridges 
in  Iowa  in  1918  by  day  labor  was  as  follows.  Bridges  were  I  to  ft.  span  with  timber  joists.  Labor, 
one  man  at  40ct.  and  one  man  at  35ct.  per  hour,  $157.50.  Twenty-five  gallons  blue  point, 
f  53-75-  l^ci  gallons  white  paint,  f  23,50.  One  and  one-fourth  gallons  linseed  oU,  $2.25.  Brut^ies, 
fS.lS.     Total  cost  J244.18.     Cost  per  lineal  foot  of  bridge,  $1.11  for  one  coat. 

Eight  old  highway  bridges  were  painted  by  contract.  The  bridges  were  painted  two  caat& 
The  county  furnished  the  paint,  paint  brushes,  and  the  contractor  furnished  all  the  work  indudinf 
the  cleaning  of  the  metal  with  wire  brushes.  The  cost  of  painting  four  bridges  having  spans  U 
190  ft.,  170  ft.,  160  ft.  and  140  ft.,  all  on  steel  tubular  piers  was  85  ct.  per  lineal  toot  of  bridge 
for  labor.  Wood  guard  rails  and  steel  tubular  piers  were  included  in  coat  per  lineal  foot  of  span. 
Bridges  on  abutments  cost  (or  labor  to  paint  two  coats  from  55  to  70  ct.  per  lineal  foot. 

Cost  of  Repainting  Old  Steel  Highway  Bridges.— The  Iowa  Highway  Commission  puUisbcd 
the  following  data  in  its  Service  Bulletin  in  1918. 

One  gallon  good  quality  paint  will  cover  1,100  sg.  ft.  of  steel  surface  or  about  5  tons  fabricated 
metal;  i  gal,  of  sublimed  white  or  blue  lead  paint  will  cover  700  sq.  ft.  of  steel  surface,  or  3.5  tooi 
of  fabricated  metal.  The  cost  of  sand  blasting  to  remove  old  fiaint  ia  about  $1.50  per  ton  of 
metal  which  includes  a  rental  charge  on  equipment.  Sand  blasting  equipment  costs  Trot 
to  $700. 


11  $500 


"  Engineering  and  Contractor,  Nov.  13,  1918. 
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Cold  Bitiuaiiunu  Hlztuie  on  Umber  Hi^mj  Bridge  Floor.* — The  Ship^Mngsport  bridge 
near  La  Salle,  lUinoU  waa  covered  with  a  bituminous  mixture  in  1916.  The  bituminous  coat  was 
madeby  mixing  one  gallon  of  emulsified  asphalt  per  cubic  Coot  of  aggregate  con»ating  of  }  in.  stone 
chips  crushed  fine  with  the  dust  removed  and  20  per  cent  concrete  sand  added.  Asphalt  and  sand 
mixed  in  ordinary  batch  mixer.  Average  thickness  o(  mastic  ij  inch.  Total  square  yards  of 
surface  treated  1,146.  The  cost  per  square  yard  not  including  contracton  profit  was,  labor 
preparing  floor  including  superintendence  26  cts.  Stone  and  sand  17  cts.,  emulsified  asplialt 
30  cts.,  mixing  and  placing  17  cts.,  total  cost  per  sq.  yd.  90  cts.  Labor  was  paid  40  cts.  per 
hour,  teams  80  cts.  per  hour. 

T>r  Hat  on  Old  T!mb«r  Bridge  Floor. — An  old  timber  floor  of  a  bridge  1,700  ft.  long  at 
Stillwater,  Minnesota  waa  covered  with  tar  and  gravel  in  1917  at  a  cost  of  19  ct.  per  sq.  yd.  The 
plank  was  calked  with  lath  and  thoroughly  washed.  When  floor  waa  dry  it  waa  coated  with  a 
priming  coat  of  Tarvia  B.  As  soon  ea  Tarvia  B  was  absorbed  a  coat  of  Tarvia  A,  heated  to  135 
degrees  F.  was  applied,  and  immediately  covered  with  a  layer  of  gravel  which  had  passed  a  I  in. 
icreen.  A  second  and  third  coat  were  applied  at  intervals  of  )0  days.  After  a  year  the  coating 
waa  in  good  condition. 

ESTIMATED  COST  OP  A  RIVETED  TRUSS  HIGHWAT  BIUDGE.— A  detailed  estimate 
will  be  made  of  the  iii'  6"  riveted  Pratt  steel  highway  bridge  over  the  Illinois  and  Misnssippi 
Canal,  the  detail  shop  fAa.oi  of  which  are  given  in  Figa.  i  and  3,  Chapter  XIV.  Date  of  esti- 
mate, 1908.  Present  (1919)  prices  of  materials  and  labor  will  be  much  higher,  but  the  method  of 
::a]culation  will  be  the  same.  A  summary  of  the  estimate  of  the  weight  of  this  bridge  is  given 
in  Table  1. 

Co«t  of  HateriaL— The  cost  a!  the  steel  will  be  estimated  at  the  mill  at  Pittsburg,  P«. 

Bridge,  Exclusive  of  Jinits  arid  Fence. — The  bridge  is  composed  of  beams,  aisles,  bars,  plates 
and  pin  rounds  as  given  in  the  following  table: 


Sh.p.. 

Wdgh..  PocwU. 

P«r  C«n(.  of 

TduI  Wel(h(. 

Com  Ps  Psimd. 
Ccnu. 

Ptrcautt  at 
P<»D<IC<«.Ceiiu. 

Beams  and  Channel) 

Angle*  3"  and  under 

11,278 

IS.779 
1,011 

S06 

39 
*7 

10 

1.70 

;:£ 

1.60 
■.60 

1.00 

0.663 

0.4S9 
ox)3i 

57,391                    ™ 

1.670 

The  average  coat  of  the  steel  at  the  mill , 

Waste  in  fabrication,  4  per  cent 

Paint  material 

Freight,  Pittsburgh  to  Chicago 

Average  cost  of  the  steel  at  the  shop 

Joists. — The  joists,  end  struts  and  hub  guards  (fence)  will  take  tl 
at  the  mill. 

The  average  cost  of  the  steel  at  the  mill 

Waste  in  fabrication,  2  per  cent 

Paint  material 

Freight,  Pittsburgh  to  Chicago 

Average  cost  of  the  steel  at  the  shop 

*  Engineering  and  Contracting,  Aug.  i,  1917. 


.   1.670  d 
.  0.067    ' 
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^op  Cost  of  tbe  St««I  in  die  Bridge,  EnhtsiTe  of  Peoco,  Joists,  «tc. — 

Average  cost  of  steel  at  the  shop 1,91a  cts.  per  lb. 

Shop  cost,  including  drafting O-750    "      "    ' 

Total  shop  coat 3.663    "      "'    ' 

Freight,  shop  to  railroad  station  near  site '. o.ioo    "      "    ' 

Total  cost  at  railroad  station a.763 ' 

9iop  Costs  of  Jmsts,  Fence  snd  End  Struts. — 

Average  cost  of  the  steel  at  the  shop 1-909  cts.  per  lb 

Shop  cost,  including  drafting 0.350    "     "    " 

Total  shop  cost 2-159    "     "    " 

Freight,  shop  to  railroad  station  near  site o.ioo    "     "    " 

Total  cost  at  railroad  station 3.359    ' 

Erection. — 
Hauling  43  tons  4  miles,  @  35  cts.  per  ton  mile  for  hauling  and  50  cts.  per  ton  for  loading 

and  unloading $  64.50 

Falsework. — Twenty  piles  35  ft.  long  @  15  cts.  per  ft 105^ 

EWving  525  lin-  ft.  piling  @  35  cts 131.1$ 

Timber,  6,000  ft.  B.  M. — )  price — @  |i3.oo 71.09 

Placing  timber,  6,000  ft.  B,  M.  @  $8.00 48.00 

Labor  erecting  and  bolting  the  steel,  30  days,  tabor  @  t400 laojM 

Transportation  of  men  and  tools 60.00 

Driving  1,500  field  rivets  @  10  cts 150M 

Labor,  painting  bridge  2  coats,  10  days  ®  f4.oo 40.00 

Labor,  erecting  floor  lumber,  i3,ooo  ft.  B.  M.  @  ^4.00 48.00 

Total  cost  of  erection (83S.7S 

Suminai;  of  Cost  of  Snperstructoro. — 

Steel,  57,393  lb-  ®  3.762  cts.  per  lb. . 91,685.10 

Joists,  fence,  etc.,  36,713  lb.  @  3.359  cts 603.4J 

Lumber — yellow  pine,  5,715  ft.  B.  M.  @  I25.00 142-87 

Lumber— oak  plank,  6,540  ft.  B.  M.  @  $33.00 209JS 

Paint,  30  gallons  @  $1.35  per  gallon s^jk 

Bolts  for  the  floor,  400  lb.  @  3  cts 13.00 

Spikes  for  the  floor,  400  lb.  @  3  cts. u.oo 

Cost  of  erection 838.75 

Total  cost  of  the  superstructure $3,Sa84S 

Contract  Price. — 

Steel  in  place,  84,106  lb.  @  4  cts.  per  lb $it36^^i 

Yellow  pine  in  place,  5,715  ft.  B.  M.  @  $36.00 305.74 

Oak  timber  in  place,  6,540  ft.  B.  M.  @  I46.O0 3O0.S4  | 


Total  contract  price $3,870.81 

Pwfit t  34J-j; 
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COST  OP  HASOiniY  ABUTHBNTS  AKD  PIBI^— The  cost  of  masonry  abutmenU  and 
piera  varies  between  wide  limits,  depending  upon  the  cost  of  stone,  cost  of  quarrying,  cost  of 
dressing,  cost  of  laying,  cost  of  mortar,  cost  of  superintendence,  cost  of  tools,  cost  of  maintenance 
and  depreciation  of  plant.    Space  will  not  permit  a  discussion  of  all  the  above  items. 

CosI  of  Stone. — Th«  price  of  stone  is  usually  quoted  f.  o.  b.  at  the  quarry,  and  varies  with  the 
stone  and  location. 

Cost  of  Quarrying. — After  the  quarry  has  been  opened  in  limestone,  two-man  stone  for  rubble 
wall  can  usually  be  quarried  lor  from  i  to  )  the  cost  of  the  daily  wages  of  a  quany  laborer  per 
cu.  yd.  Stones  ranging  from  )  lo  I  cu.  yd.,  that  have  to  be  blasted,  will  cost  per  cu.  yd.  from  { 
to  2  times  the  cost  of  the  daily  wages  of  one  man.  Dimension  stones  that  have  to  be  wedged  out 
will  cost  twice  as  much  as  the  lai^e  stones  that  can  be  blasted.  This  estimate  is  high  for  sandstone 
and  low  for  granite. 

Cott  of  Dressing. — Rubble  is  roughly  scabbled  when  it  is  laid  and  there  is  no  special  charge 
for  dressing.  Dimension  stones,  if  dressed  to  lay  with  quarry  finish  and  fairly  close  joints,  will 
cost  from  ia.oo  to  {3.00  per  cu.  yd.     Bush-hammering  costs  about  jo  cents  per  sq.  ft. 

Cost  of  Laying. — One  mason  and  a  helper  can  lay  from  4  to  5  cu.  yd.  of  small  rubble  in  a  day 
of  8  hours.  If  a  derrick  is  necessary  and  some  dreasii^  required,  one  mason  and  a  helper  will 
lay  only  from  a  to  3  cu.  yd.  of  heavy  rubble  or  1}  to  3  cu.  yd.  of  dimenwon  stone  in  a  day  of 
8  houra. 

Cost  of  Mortar. — The  an>ount  of  mortar  required  varies  with  the  specifications  and  the  stone 
used.  Rubble  masonry  is  from  30  to  35  per  cent  mortar:  Dimenuon  stone  masonry  is  from  10 
to  15  per  cent  mortar.  Knowing  the  cost  of  cement  and  sand,  the  cost  of  the  mortar  can  be 
estimated. 

iiiscdlasuous  Costs. — The  cost  of  superintendence,  tools,  maintenance  and  depreciation  of 
plant,  etc.,  can  only  be  estimated  on  the  particular  wotV.  These  costs  may  vary  from  5  to  30 
per  cent  of  the  cost  above. 

BSTDCATES  OF  CORCR£TE  HIGHWAT  BRIDGES  AND  POirHDATIOnS.— The 
making  of  estimates  of  reinforced  «>ncrete  structures  involves  (a)  the  calculation  of  the  quantities 
of  cement,  sand,  coarse  aggregate,  reinforcing  steel,  lumber  and  other  materials  which  constitute 
the  structure;  (b)  the  cost  of  the  materials  which  are  to  be  used  in  the  structure,  and  (c)  the  cost 
of  the  labor  necessary  to  fabricate  and  erect  the  structure. 

BstimMe  of  QumtHlM. — The  quantities  of  materials  should  be  calculated  from  the  plans. 
Forms  similar  to  those  used  for  structural  steel  bridges  should  be  used.  The  different  items 
should  be  worked  out  in  detail  in  order  that  the  different  classes  of  material  may  be  separated 
for  determining  the  ccwts. 

Estinuto  of  Concrvte. — All  concrete  should  be  measured  by  the  cubic  foot  or  cubic  yard, 
iKt  measurement  in  jJace.  AH  openings  and  voids  should  be  deducted,  but  no  allowance  need  be 
made  for  bevels,  or  for  reinforcing  steel.  The  amount  of  cement^  sand  and  stone  or  gravel  in  a 
cubic  yard  of  concrete  will  vary  with  the  [Moportions,  and  character  of  the  aggregates.  If  the 
amount  of  cement  and  aggregates  in  the  concrete  have  not  been  determined  by  test,  the  quantities 
can  be  calculated  with  considerable  accuracy  by  means  of  Fuller's  rule. 

Futler's  Rule, — The  [M^portions  of  concrete  materials  should  be  stated  in  terms  of  the  volume 
of  the  cement.  The  volume  of  one  barrel  or  four  bags  of  cement  is  taken  as  4.0  cu.  ft.  and  the 
sand  and  ^gr^ate  are  measured  loose.  Concrete  mi«cd  one  part  cement,  3  parts  sand,  and 
4  parts  stone  is  commonly  caUed  1:3:4  concrete.  The  proportions  should  be  such  that  there 
should  be  more  than  enough  cement  paste  to  fill  the  vmds  in  the  sand,  and  more  than  enough 
mortar  to  fill  the  voids  in  the  atone.  With  voids  in  sand  and  stone  varying  from  40  to  45  per  cent, 
the  quantities  of  the  ingredients  are  closely  given  by  Fuller's  rule,  where  ; 

t  —  number  of  parts  Of  cement; 
f  —  number  of  parts  of  sand; 
g  —  number  of  parts  of  gravel  or  stone. 
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-  mt  p  ~  number  of  barrela  of  Portland  cement  required  for  one  cu.  yd.  caooMc. 

-  —  number  of  cu.  yd.  aand  required  fcM-  one  cu.  yd.  coocrete. 
number  of  cu.  yd.  gravel  or  Btooe  required  for  one  cy.  yd.  concrete. 

The  materials  for  one  cu.  yd.  of  i  :  a  :  4  concrete  will  then  be:  Portland  cement  1.57  barrels, 
sand  0.47  cu.  yd.,  gravel  or  stone  0.94  cu.  yd. 

The  proportions  for  plain  walls  commonly  vary  from  I  :  3|  :  5  to  I  :  3  :  6,  while  the  propn- 
tione  for  reinforced  walls  vary  from  1  :  3  :  4  to  1  :  a)  :  5. 

Estimate  of  Reinforcing  Steel. — Reinforcing  bars  should  be  taken  off  the  plans  in  linear 
feet  and  reduced  to  weight  in  pounds.  Allowance  should  be  made  for  laps.  I^pe  slcci^cs,  turn- 
buckles,  bolts,  nuts  and  special  items  should  be  listed  separately.  Wire  cloth,  expantfed  lanA 
and  similar  reinforcement  sold  in  sheets  should  be  taken  off  in  square  feet,  allowance  being  made 
for  laps.    The  size  of  mesh  and  weight  of  steel  should  be  stated. 

Bstimste  of  Forms.— Forms  should  be  measured  in  square  feet,  taking  all  the  area  of  coocnte 
coming  in  contact  with  the  forms.     The  thickness  of  lumber  and  surface  linish  required  should    1 
be  noted.     The  posts,  sills,  struts  and  bracing  required  to  support  the  forms  should  be  taken  i£   \ 
separately.     If  lumber  is  to  be  used  more  than  once  this  fact  should  be  noted.     Piles  for  falsevnk 
should  be  listed  separately,  noting  the  size  and  length  required. 

Eitiinate  of  SurfACS  Finish. — The  linish  of  concrete  surfaces  should  be  measured  in  sqDaiT 
feet.  Sidewalk  finish  should  be  measured  in  square  feet.  Sidewalk  finish  laid  after  the  etruam 
is  com;^te  should  be  listed  separately. 

Cost  of  Materials.— The  cost  of  cement  at  the  mill  varies  with  market  conditions.    Tht    , 
present  (1919)  price  of  cement  at  the  mill  in  carload  lots  is  about  $3.00  per  barrel.     Wbenshipfird    | 
in  doth  bags  an  extra  charge  of  60  cents  per  bbl.  is  made  for  bags,  which  diarge  is  refunded  if  tb 
bags  are  returned  to  the  mill  in  good  condition.    The  cost  of  testing  cement  at  the  mill  is  abooi 
5  cts.  per  bag.     The  cost  of  freight  and  cost  of  uiLloading  and  hauling  to  the  bridge  site  muff  bt 
calculated  (or  each  structure. 

Cost  of  Sand,  Gravel  and  Broksn  Stone. — The  cost  of  sand  depends  upon  local  conditiow 
and  may  be  as  low  as  |i  .00  per  cu.  yd.  if  obtained  locally  and  may  be  from  (i.OO  to  $3.00  per 
cu.  yd.  if  it  is  necessary  to  ship  the  sand  from  a  distance.  The  cost  of  gravel  and  iHoken  stone 
iriU  vary  in  the  sanie  way  as  sand.  If  gravel  is  available  it  can  usually  be  obtained  for  $1.50  to 
$3.00  per  cu.  yd.  Pit  run  gravel  commonly  contains  an  excess  of  sand  and  fine  material,  and 
requires  screening  if  the  aggregates  are  to  be  properly  graded.  The  cost  of  crushed  stooe  \i 
commonly  greater  than  the  cost  of  gravel. 

Cost  d  Lumber, — The  cost  of  lumber  for  falsework  and  forms  should  be  obtained  locally. 

Cost  of  Steel  ReinfofC«ment. — The  price  of  steel  reinforcement  wilt  be  the  mill  price  pli» 
the  cost  for  rail  and  team  transportation.  The  present  (1919)  base  price  for  steel  rods  at  the  roil 
is  about  (3.50  per  too  pounds.  Base  prices  cover  bars  1  to  3  in.  in  diameter.  Smaller  and  larger 
bars  take  a  higher  rate  as  shown  in  Table  IV.  The  price  from  stock  will  be  from  SO  cts.  to  $1.00 
in  advance  of  mill  prices. 

Cost  of  H'"''g  and  Fladng. — 'Hie  labor  in  mixing  and  placing  concrete  will  depend  upoo 
the  amount  of  concrete  and  the  local  conditions.  With  a  3-bag  mbter  where  the  sand  and  brafcen 
stone  arc  handled  in  wheel  barrows  the  cost  of  mixing  and  placing  concrete  in  highway  bridgR. 
with  labor  at  an  average  of  40  cts.  per  hour  including  superintendence  but  not  including  proW 
or  cost  of  plant,  should  be  from  90  cts.  to  f  1.00  per  cu.  yd.  The  allowance  to  be  made  fa 
cost  of  plant  will  ordinarily  vary  from  50  cts.  to  75  cts.  per  cu.  yd.  With  a  4-bag  mixer  the  coa 
of  mixing  and  placing  will  be  reduced,  but  the  allowance  to  be  made  for  plant  will  be  increased 
The  cost  of  plant  should  be  carefully  estimated  for  each  job,  for  the  reason  that  a  considerable  part 
of  the  expense  is  independent  of  the  size  of  the  Job. 
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Cost  of  Pormt  and  Falsework. — The  amount  of  lumber  required  will  depend  upon  the  actual 
surface  of  concrete  and  also  upon  the  amount  of  lumber  that  can  be  used  more  than  once.  With 
a  highway  bridge  of  several  spans  the  form  lumber  can  be  used  more  than  once,  the  number  of 
times  depending  upon  the  details  of  design  and  the  details  of  construction.  The  forms  and  false- 
work should  be  33  carefully  designed  as  the  structure  which  is  to  be  built.  The  bill  of  lumber 
required  for  the  falsework  and  forms  should  be  taken  from  the  plans,  and  the  cost  calculated  for 
the  local  conditions.  The  salvage  value  of  the  falsework  and  forms  should  be  deducted  from  the 
final  coat.     The  coat  of  lumber  should  be  obtained  locally  on  small  jobs. 

The  cost  of  falsework  piles  should  be  obtained  locally  where  piles  are  available. 

The  cost  of  driving  piles  for  highway  bridges  will  vary  from  40  cts.  to  60  cts.  per  lineal  foot 

With  carpenters  at  So  cts.  per  hour  and  common  labor  at  40  cts.  per  hour,  the  coot  of  framing 
and  placing  falsework  will  vary  from  (S.oo  to  $12.00  per  M,  The  cost  of  erecting  forms  will 
vary  from  |l3.oo  to  930.00  per  M. 

Cost  of  Pladng  Reiilforc«ment — The  cost  of  bending  and  placing  steel  reinforcement  will 
depend  upon  the  size  of  the  reinforcing  steel  and  upon  the  skill  of  the  men  employed  in  doing  the 
work.  With  labor  at  40  cts.  per  hour  the  cost  of  bending  and  placing  steel  reinforcement,  in 
highway  bridges,  including  superintendence  but  not  including  prolit,  will  vary  from  tio.oo  to 
Jl5.00perton. 

Examples  of  Cost  of  CoDcret*  Hi^way  Bridges.  The  following  summaries  of  costs  of  con- 
structing concrete  highway  bridges  will  be  of  value. 


The  foundations  extend  3  ft.  below  low  water  and  rest  on  40  ft.  cypress  piles  extending  12  in.  into 
the  footings.  A  I  :  2  :  4  concrete  was  used.  A  steam  hammer  was  used  in  driving  the  piles. 
Concrete  was  mixed  with  a  J  cu.  yd.  mixer  driven  by  steam  power.  Common  labor  was  paid  an 
avera^  of  30  cts,  per  hour,  carpenters  45  cts.  per  hour,  foremen  45  to  50  cts.  per  hour.     The 

Siuantitics  of  materials  in  the  bridge  were,  concrete  1,300  cu.  yds.;  reinforcing  steel  5^  tons; 
alsework  piles  68  bents  of  four  i6-ft.  piles,  13  ft.  penetration,  or  3ja  piles;  foundation  piles  415 
piles,  each  40  ft.  long;  iorm  lumber  131,453  ft.  B.M.  The  cost  of  driving  falsework  piles  was  49 
cts.  per  lineal  foot.  The  cost  of  driving  foundation  piles  was  32  cts.  per  lineal  foot.  Lumber 
cost  f36.11  per  M.  About  one-third  of  the  lumber  was  salvaged  at  $15.44  pcr  M.  The  cost  of 
placing  steel  reinforcement  was  f  11.40  per  ton.  The  cement  cost  f3.i8  per  bbl.  at  the  site.  The 
amount  of  cement  used  per  cu.  yd.  of  concrete  was  I.35  bbl.  Sand  and  gravel  were  obtained  at 
the  site.  The  contractor  received  17  cts.  per  cu.  yd.  for  screening  sand,  and  40  cts.  per  cu.  yd. 
for  screening  gravel. 

SuiiuAKV  OP  Cost  op  Cokcrbte. 


?.?S:K 

Atcba. 
03.  Cu.  Yd. 

f-H   Cu.   Vd. 

P.r  Cu.  Vd. 

ijecu.Vd. 

PirCu.Vd. 

.47 

22.34 
1-39 

■47 
1.39 

S  2.24 
S-19 
2.9S 
47 
2-15 

3o.6s 
J.84 
2-9S 

Total  cost  per  cu.  yd 1        K8.74        1        H-U        \       8l3.oo 

?9-7S 

Cost  of  Concrete  in  Culverts. t — The  cost  of  building  sixt 
in  1918,  with  spans  varying  from  6  to  60  ft.  varied  from  $9.49 
average  of  $12.12  per  cu.  yd.  Three-fourths  of  the  concrete  was  f 
I-'3-4  mix,  with  reinforcing. 

*  Engineering  and  Contracting,  February  27,  1918. 
t  Engineering  and  Contracting,  June  36,  1918. 


■en  bridges  in  Iowa 
$23.54  ix-'f  eU'  yo'.  "I'll  an 
n,  1-3-5  "lifp  and  one-fourth 
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Cost  of  Concrete  Culvert  Pipe,* — At  the  5th  annual  coovention  of  the  Iowa  Road  Official- 
at  Ames,  la.,  in  1918,  the  following  data  on  the  cost  of  making  concrete  culvert  pipe  at  the  fJant 
of  Adair  County  were  given  by  C.  H.  Lehrnkuhl,  engineer  of  tne  county: 


5i«  of  Pip.. 

Thickatu,  In. 

Lraph,  Fl. 

CoocnKinEach 

Pip.,  C.  F.. 

Co«  p«  lip.. 

■91J.        1         1916,                 .91J. 

24 

f 

4 

t 

6 

300 

17.80 

10.90 

ii.Ji              8i,8o               »i.95 
i.71                  2.80                   3x» 
4-08                  4.20                   4.40 
8.04                  840                   8.76 
9.84       ^         9.90       1        10.56 

•  Enpneering  and  Contracting,  Jm 
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CHAPTER  XXVI. 

Erection  of  Bridges. 


Introductioii. — The  construction  of  concrete  highway  bridges  and  foundations,  and  the 
n  of  steel  highway  bridges  will  be  briefly  discussed  in  this  chapter.    For  additional  data 
on  the  erection  of  steel  bridges  and  for  details  of  erection  tools  and  equipment,  see  the  author'* 
"Structural  Engineers'  Handbook." 

CONSTRUCTION  OP  CONCRETE  BRIDGES.— The  details  of  muting  and  placing 
concrete  are  given  in  the  "General  Specifications  for  Concrete  Highway  Bridges  and  Foundations" 
in  Appendix  II.  A  brief  summary  of  the  important  points  will  be  given  here.  Good  clean  sand 
and  stone  or  gravel  are  absolutely  essential.  While  a  small  amount  of  pure  clay  may  not  be 
detrimental  it  is  rare  that  pure  clay  occurs  in  sand  and  stone  or  gravel;  the  impurities  more  often 
being  loam  and  other  deleterious  matter.  While  a  small  amount  of  crusher  dust  properly  mixed 
may  not  be  objectionable,  it  is  objectionable  when  It  clings  to  the  broken  stone  and  prevents 
proper  banding  of  the  mortar.  The  fine  and  coarse  aggregate*  must  be  in  the  proper  proportion 
and  be  properly  graded  from  fine  to  coarse.  Gravel  very  rarely  occurs  in  the  proper  proportions 
of  fine  and  coarse  aggregate  to  be  used  without  screening.  Proper  proportions  of  cement,  fine 
and  coarse  aggregate  require  that  there  shall  be  slightly  more  cement  than  is  necessary  to  fill  the 
voids  in  the  sand,  and  slightly  more  mortar  than  is  necessary  to  fill  the  voids  in  the  stone.  It  is 
also  necessary  that  the  fine  and  coarse  aggregates  be  so  proportioned  as  to  give  a  concrete  of 
maximum  density  with  the  given  quantity  of  cement.  The  relative  amount  of  fine  and  coarse 
aggregates  should  be  determined  either  by  mechanical  analysis  or  by  means  of  trial  proportions. 
For  determining  the  [troper  proportions  by  trial  a  pair  of  scales  and  several  measuring  vessels 
are  all  the  apparatus  necessary.  Dy  varying  the  proportions  and  mixing  the  ingredients  the 
densest  mixture  may  be  determined  by  weighing.  The  percentage  of  voids  in  fine  and  coarse 
a^regate  may  be  determined  by  weighing  a  measured  quantity  of  aggregate.  The  specific 
gravity  of  quartz  sand  is  closely  3.65.  For  example,  a  sand  weighing  100  lb.  per  cubic  foot  will 
have  sdid  contents  equal  to  100/(2.65  X  62.5)  —  60.4  per  cent ;  and  will  have  39.6  per  cent  voids. 
The  agsregate  should  be  dried  before  determining  the  percentage  of  voids.  If  the  percentage  of 
voids  in  fine  and  coarse  aggregates  are  determined  separately,  the  voids  should  also  be  determined 
for  the  fine  and  coarse  a^regates  when  completely  mixed.  In  one  case  coming  to  the  author's 
attention  in  investigating  a  failure  of  a  reinforced  concrete  fiume,  while  the  percentage  of  voids 
in  the  sand  and  gravel  when  determined  separately  was  each  35  per  cent,  the  percentage  of  voids 
in  the  sand  and  graxTl  when  mixed  in  the  proportion  of  2  sand  to  5  gravel  was  33  per  cent,  due  to 
the  fact  that  the  sand  was  coarse  and  the  gravel  contained  a  large  percentage  of  pea  gravel.  In  a 
1-3-5  mixture  the  cement  paste  filled  only  about  40  per  cent  of  the  voids.  The  resulting  concrete 
was  a  weak  chalky  mass  which  fell  to  pieces  when  water  was  turned  into  the  flume.  A  lield  test 
of  this  concrete,  made  by  breaking  a  concrete  specimen  with  a  hammer,  would  have  shown  the 
quality  of  the  concrete  and  saved  the  structure. 

Concrete  should  be  thoroughly  mixed  with  only  sufficient  water  to  make  a  pasty  mass,  not  a 
soupy  mass,  after  vigorous  mixing  in  a  mixer  that  will  thoroughly  grind  the  mortar  and  fully  coat 
the  fine  and  coarse  aggregates.  Soupy  concrete  results  in  pockets,  and  porous  concrete,  and  some- 
times distinct  lines  of  separation  through  a  wall  or  a  girder.  The  proper  consistency  is  the  stiffest 
mixture  that  will  admit  of  proper  contact  with  the  reinforcement  and  with  the  forms.  To  secure 
this  contact  the  concrete  should  be  puddled  and  jo^'ed  and  tamped  to  remove  all  air  pocket* 
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and  to  fill  all  voids.  Concrete  deposited  under  water  through  tremies  should  be  thoroughly  mixed 
before  deporting.  Properly  mixed  concrete  making  a  stiff  mixture  will  not  separate  as  much  u 
dry  concrete  when  deposited  under  water. 

Fonns. — Forms  should  be  rigid  and  should  be  carefully  finished.  The  forma  should  be 
designed  to  support  the  loads,  and  every  precaution  should  be  taken  to  prevent  s^g^i^  and 
leakage  during  construction.  The  comers  should  be  properly  filleted  and  the  detaib  pn>perl)- 
worked  out  to  give  a  pleasing  appearance  to  the  finished  structure.  For  all  importaDt  work  ihe 
lumber  used  for  face  work  should  be  dressed  to  uniform  thickness  and  width,  should  be  sound  and 
free  from  loose  knots,  and  should  be  secured  to  the  studding  or  uprights  in  horizontal  lines.  For 
backing  and  other  rough  work  undressed  lumber  may  be  used.  Lumber  used  a  eecond  time 
should  be  cleaned,  and  resized  if  necessary  to  insure  plane  surfaces. 

Design  of  Falsework  and  Forms. — Falsework  and  forms  should  be  designed  to  ptcvnl 
undue  deflection,  and  to  prevent  the  crushing  of  the  timber  across  the  grain.  Where  ralscwork 
and  form  lumber  is  carefully  selected  the  allowable  stresses  given  for  timber  in  "Spccifiaiic 
for  Timber  Bridges  and  Trestles"  in  Chapter  XVI  may  be  increased  by  twenty-five  percent. 
designing  falsework  and  forms  it  should  always  be  remembered  that  rigidity  is  more  importait 
than  low  liber  stresses.  The  spans  should  therefore  be  kept  small  and  ample  supports  and  tie* 
should  always  be  provided. 

The  practice  of  the  Illinois  Highway  Commission  in  designing  forms  for  reinforced  conom 
girder  bridges  is  as  follows: 

"r.  Rail  and  Girder  Forms. — Forms  for  side  rails  of  reinforced  concrete  slab  bridges  mayU 
constructed  of  i-inch  sheeting  with  vertical  studs  placed  not  farther  apart  than  a  feet.  Fonni 
for  the  girders  of  reinforced  concrete  girder  bridges  should  preferably  be  constructed  of  ran- 
mercial  2-inch  sheeting  with  studs  not  farther  apart  than  3)  feet.  All  sheeting  should  be  surfaod 
on  the  side  adjacent  to  the  concrete. 

"3.  Bractng  Rail  Forms. — Rail  or  girder  forms  are  best  kept  in  line  by  extending  the  op 
of  each  bent  a  sufficient  distance,  bracing  them  to  the  falsework  posts  and  then  running  a  heavy 
string-piecealong  the  ends  of  the  extended  cape,  bracing  from  this  string-piece  to  each  stud  of  tkit 
rail  or  girder  forms. 

"3.  Setting  Panel  and  Copint  Forms. — The  panels  and  coping  of  rail  and  girder  forms  sboukU 
whenever  practicable,  be  omilted  until  the  floor  of  the  span  has  been  concreted.  The  weight  of 
the  floor  is  usually  the  greater  part  of  the  total  weight  of  the  superstructure  and  if  any  settlcnwfit 
of  the  falsework  occurs,  it  is  usually  when  the  floor  is  placed.  If  the  panel  and  coping  forms  art 
completed  before  any  concrete  is  placed,  settlement  of  the  falsework  will  show  in  the  panek 
and  coping.  It  is  not  safe  to  trust  to  a  camber  to  take  care  of  the  settlement,  as  the  settlement 
is  almost  sure  to  be  uneven  at  the  different  supports.  The  side  forms  of  the  rails  or  girden 
should  preferably  be  left  3  or  4  inches  higher  than  the  finished  girder,  and  just  before  the  las  , 
concrete  is  placed,  a  triangular  molding  should  be  nailed  on  the  inside  of  the  forms  at  the  exact 
elevation  required  and  used  as  a  guide  for  a  template  in  striking  off  the  Cop  of  the  girder.  I. 
these  precautions  arc  taken  the  portions  of  the  work  viable  from  the  roadway  may  show  perfect 
lines,  although  a  settlement  of  the  concrete  may  have  occurred  which  shows  as  a  sag  in  the  bottotn 
of  the  girders  when  \*iewed  from  the  side.  A  small  settlement  of  falsework  which  occurs  befon 
the  concrete  has  set  docs  not  injure  the  strength  of  the  bridge. 

"4.  Construction  of  Girder  formj.^lirdcr  forms  shouul  be  so  built  as  to  permit  of  ready 
removal  without  injury  to  the  concrete.  The  underside  of  copings  should  be  given  a  pitch  toward; 
the  girder  for  this  purpose.  Great  care  should  be  taken  to  secure  perfect  alignment  of  rail  aoc 
girder  forms.     Local  kinks  should  be  taken  out  before  the  concrete  is  placed. 

"5.  Alignment  of  Forms. — Correct  alignment  of  girder  and  rail  forms  can  not  be  too  strongK 
emphasized.  Irregular  lines  are  exceedingly  unsightly  and  as  the  bridge  will  be  judged  tot  £• 
time  to  come  from  the  appearance  of  the  portion  visible  from  the  roadway,  if  this  appearance  is 
unsightly,  the  bridge  will  oe  condemned  by  the  public  regardless  of  the  possible  excellence  oil  thf 


The  following  instructions  for  constructing  concrete  highway  bridges  were  prepared  by  Mr. 
M.  W.  Torkelson,  bridge  engineer,  Wisconsin  Highway  Commission. 

"  I .  Never  place  the  bents  for  any  kind  of  falsework  more  than  five  feet  apart. 

"2.  If  you  can  possibly  get  a  jwle  driver,  use  driven  piling  to  support  your  falsework. 

"3.  If  you  cannot  get  a  pile  driver,  good  bottom  can  be  obtained  by  laying  planks  or  timba; 
on  the  stream  bed  to  get  a  good  wide  looting  for  each  bent,  then  placing  the  mud  sill  upon  the 
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planks  to  support  the  posts.  Before  the  planks  or  timbers  are  laid  upon  the  etream  bed  this 
should  be  leveled  and  all  soft  mud  or  easily  moved  sand  should  be  removed.  Sometimes  tem- 
porary concrete  sills  can  be  used  to  advantage,  but  the  principle  is  the  same  as  for  wooden  sills. 

"4.  The  posts  for  the  bents  should  be  eight  inches  ttiick  and  of  good  sound  timber.  Always 
use  eight  posts  in  each  bent  where  the  road  is  ao  ft.  wide,  and  arrange  the  posts  so  that  two  will 
come  under  each  railing. 

"$.  Use  a  heavy  cap  on  top  of  the  posts  fastening  either  with  dowels  or  by  means  of  very 
heavy  spiking,  and  let  this  cap  extend  about  four  feet  beyond  the  railing. 

6.  The  floor  can  best  be  directly  supported  by  2  X  10  joists  spaced  18  inches.  Under 
railinn  double  this  up. 

7.  With  the  joists  spaced  as  in  (6)  the  floor  can  be  i-inch  or  {-inch  material.  It  should  be 
nailed  to  the  joists  with  8-penny  nails  and  should  extend  about  fouf  feet  beyond  the  outside 
of  the  raihng.     This  extra  width  is  needed  to  brace  the  railing  and  for  walking  across  the  bridge. 

"S.  Be  sure  to  cross-brace  the  falsework  both  ways  bo  that  it  will  be  held  rigid  against 
pressure  from  any  direction.  Unless  this  is  looked  after  the  falsework  is  liable  to  wobble  when 
the  placing  of  the  concrete  begins. 

"9.  Always  use  good  planed  and  sized  lumber  on  the  railing  as  this  is  the  part  of  the  work 
which  shows  up.  Have  all  panel  work  and  three  cornered  chamfer  strips  made  at  the  same 
planing^  mill.  Send  your  bridge  plan  to  the  mill  and  have  strips  cut  to  the  proper  dimensions. 
Wet  railing  forms  thoroughly  before  pouring  concrete. 

"10.  Always  keep  a  man  tampins  the  concrete  next  to  the  farms.  This  will  give  a  good 
smooth  surface  when  they  are  removed  and  diminish  the  work  of  finish.  A  wooden  tamper  will 
give  better  results  than  a  steel  spade. 

"11.  Removal  of  Forms.  In  order  to  make  possible  the  obtaining  of  a  satisfactory  surface 
finish,  forms,  on  ornamental  work,  railings,  parapets,  and  vertical  surfaces  that  do  not  carry 
loads  and  which  will  be  exposed  in  the  finished  work  shall  be  removed  in  not  less  than  twelve  (12) 
nor  more  than  forty-eight  US)  hours,  depending  upon  weather  conditions.  Forms  under  slabs, 
beams,  girders,  and  arches  shall  remain  in  place  at  least  twenty-one  (31)  days  in  warm  weather, 
and  in  cold  weather  at  the  discretion  of  the  Engineer.  Forms  shall  always  be  removed  from 
columns  before  removing  shoring  from  beneath  beams  and  girders,  in  order  to  determine  the 
conditions  of  column  concrete. 

"  No  forms  whatever  shall  be  removed  at  any  time  without  the  consent  ot  the  Engineer. 
Such  consent  shall  not  relieve  the  contractor  of  responsibility  for  the  safety  of  the  work.  As  soon 
as  the  forms  are  removed  all  rough  places,  holes,  and  porous  spots  shall  be  filled,  and  all  bolts, 
wires,  or  other  appliances  used  to  hold  the  forms  and  which  pass  through  the  concrete  shall  be 
cut  off  or  pushed  back  with  nail  set  one-half  (})  inch  below  the  surface  and  the  ends  covered 
with  cement  mortar  of  the  same  mix  as  used  in  the  body  of  the  work." 

The  falsework  and  form  plans  given  in  Fig.  i  to  Fig.  4  were  prepared  by  Mr.  M.  W.  Torkelson, 
bridge  engineer  for  the  Wisconsin  Highway  Commission. 


Fig.  I.    Falsework  fok  Concrete  Bridges. 

TTic  plans  shown  in  (a)  Fig.  1,  are  for  spans  up  to  and  including  14  ft.;  while  the  plans  shown 
in  (A)  Fig.  1,  are  for  spans  of  16  ft.  to  24  ft.  inclusive.  The  bents  should  be  spaced  5  ft.  centers. 
Use  four  a  in.  by  10  in.  joists  under  the  railing.  Use  hardwood  wedges  for  camber  and  to  facilitate 
removal  of  forms. 

The  falsework  in  Fig.  3  should  be  used  where  it  is  impossible  to  drive  piles.  Bents  should 
be  spaced  not  more  than  5  ft.  centers  and  two  posts  should  be  spaced  under  the  railing.  Use  lour 
3  in.  by  10  in.  joists  under  the  railing.     Use  3  in.  by  6  in.  joists  on  top  of  footing  under  each  joist. 
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Use  hardwood  wedgea  for  camber  and  to  facilitate  erection.     Details  of 
are  shown  in  Fig.  3. 

The  falsework  bent  shown  in  Fig.  3  may  be  a  framed  bent  supparted  c 
on  the  left,  or  may  be  a  pile  bent  as  is  shown  on  the  right.     Eight  posts  or  eight  piles  should  be 
used  in  a  bent  for  a  30  (t.  roadway.    Two  poeta  or  i^les  should  be  spaced  dose  together  under  the 
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Fig.  a.    Falsbwosk  for  Concrete  Bridges. 

railing.  Bents  should  be  spaced  not  more  than  S  ft.  centers.  Use  four  3  in.  by  10  in.  joists  unrin 
the  railing.  Use  hardwood  wedges  for  camber  and  to  facilitate  erection.  Pour  floor  to  top  0: 
curb,  then  build  inside  railing  form  to  top  of  2  in.  by  6  in.  plate,  or  under  side  of  coping,  and  pour 
rail  to  this  point.  Let  concrete  set  while  pouring  other  rail  to  this  height.  Return  to  first  rail 
and  see  if  any  settlement  has  occurred,  and  if  bo  wet^  up  a  in.  by  6  in.  plate  level  before  buiklin? 
form  for  coping.  Always  provide  camber  in  forms  J  in.  for  each  10  ft.  of  span.  Have  three- 
cornered  strip  made  at  planing  mill.    For  elevation  and  section  of  railing  forms  see  Fig.  4. 


Fahemrk  on  Mud  Sills     Fahtmrk  on  Piles  Detail  of  Rtiling  Form 

Fig.  3.    Falsework  Plans  and  Railing  Forms  for  Concrkte  Bridges. 

Details  ot  forms  for  retaining  walls  as  constructed  by  the  Illinois  Central  R.  R.  ar«  sbovn 
in  Fig.  5.  The  forms  were  constructed  in  sections  54  ft.  long.  The  forms  were  croes-brac«d  b) 
1-in.  rods  spaced  7  ft.  81  in.  centers  as  shown.  When  the  forms  were  taken  down  the  ends  of 
these  rods  were  unscrewed,  the  main  portions  of  the  rod  being  left  in  the  wall.  The  forms  w«rr 
made  of  3-in.  plank  surfaced  on  the  inside. 
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Outside  Ekvaflon  of  Railing  Form 


MM 

-     -    Mt  M 
■f Matched Lumhir'  ^~-'*~?x6 
SecHpnA-A  througfi  form 
(Fiir  railings  faying  end  posh) 

6  u  II    ii   i   (i   0   ij   li   i 

Section  A-A  through  form 
(Vw"  lailings  having  no  end  postsj 


Fig.  4.    Forms  fok  Railings  fok  Concrete  Bridges. 

Forma  used  by  the  Chic^o  and  Northwestern  Ry.  are  shown  in  Fig.  6.  The  forma  were 
built  in  sectiona  35  ft.  long.  The  2  in.  X  8  in.  braces  were  used  to  hold  the  sides  of  the  forms 
apart  and  were  removed  as  the  concrete  was  put  in  place.  The  2-in.  pipe  used  to  cover  the  rod 
bracing  was  old  boiler  flues  and  rejected  pipe. 


Hi.  5.  Forms  fur  Illinois  Centum,  R.  R. 
Retaining  Wall. 


jcibyGoQi^lc 


456  ERECTION   OF  BRIDGES.  Chap.  XX\1. 

The  forms  for  concrete  arch  culverts  as  prepared  by  the  Michigan  State  Highway  Depart- 
ment  are  shown  in  Fig.  7; 

Palsevorlc  for  Arches. — The  detail  plans  for  the  falsework  used  in  the  erection  of  a  conoete 
arch  bridge  on  the  joint  track  of  the  Colorado  and  Southern  Ry.  and  the  Denver  and  Rio  Grandr 
R,  R.  in  Colorado  are  shown  in  Fig.  8.  The  bridge  consisted  of  twin  arches  each  having. a  span 
of  60  ft.,  and  a  barrel  1 12  ft.  long.  The  falsework  was  designed  to  carry  the  actual  loads  which 
would  come  on  the  falsework  during  erection.  The  falsework  was  made  very  rigid  in  order  thai 
there  should  be  no  appreciable  settlement.  The  falsework  was  constructed  with  a  barrel  having 
a  length  of  60  ft.,  so  that  one-half  of  each  arch  could  be  constructed  at  one  time.     The  abutrneois 


Centers  to  be  spaced  4'-0"c.  fa  c. 
Fig,  7.    Forms  for  Concrete  Arch  Culvert. 

e  first  constructed  and  then  the  falsework  was  constructed  for  one-half  of  each  arch.  The 
then  placed  on  each  arch  beginning  at  the  springing  and  proceeding  upward  to  ibe 
crown.  The  crown  segments  were  constructed  last.  The  archea  were  not  reinforced,  except  thi: 
a  small  amount  of  reinforcing  steel  was  placed  near  the  cxtrados  of  each  arch  to  make  it  possiUe 
for  the  ends  of  each  arch  to  act  as  a  cantilever  until  the  crown  segment  was  placed.  The  false- 
work proved  to  be  very  rigid,  the  maximum  settlement  noted  in  the  arch  sheeting  was  one  hun- 
dredth of  a  foot,  with  no  appreciable  distortion.  The  forms  were  lowered  by  means  of  the  sand 
boxes  shown  in  the  drawing.     After  several  years  the  arches  show  no  cracks. 

After  the  one-half  of  the  bridge  was  constructed  the  falsework  was  taken  down  and  r 
erected  for  the  remaining  half  of  the  bridge.  The  additional  coat  required  to  make  the  falsework 
very  rigid  was  more  than  compensated  tor  by  the  saving  in  cost  of  placing  the  concrete.  1 
arch  was  designed  an<l  constructed,  by  Crocker  and  Ketchum,  consulting  engineers.  The 
author  was  in  direct  charge  of  the  design  of  the  arch  and  the  falsework. 

Lagging. — Lagging  for  concrete  arches  should  be  of  surfaced  lumber,  preferably  toogiie 
and  groove,  and  should  be  water  tight. 

Construction  of  Concrete  Arclies. — The  arch  ring  should  not  be  constructed  until  the  GH 
around  the  abutments  has  been  carried  up  to  the  skewback.  The  rings  should  preferatJT 
be  concreted  in  one  continuous  operation,  but  if  this  is  not  practicable  the  arch  ring  may  \k 
divided  into  several  sections  by  transverse  bulkheads  parallel  to  the  roadway,  each  ring  being  t^ 
such  size  that  it  can  be  concreted  in  a  single  continuous  operation.  The  concreting  should  he 
carried  on  symmetrically  about  the  crown  of  the  arch.  If  the  arch  ring  is  heavy  additional  rtio- 
lorcement  should  be  inserted  near  the  extrados  over  the  haunch  so  that  the  segments  of  the  arrh 
will  act  as  cantilevers  until  the  arch  is  closed  at  the  crown.  The  spandrel  »-alls  should  not  ht 
cast  until  the  centers  are  struck,  and  the  coping  should  not  be  cast  until  the  spandrel  wall  i^ 
completed.  On  very  large  arches  it  may  be  necessary  to  divide  the  arch  ring  into  vousaoirs,  « 
that  the  arch  ring  can  be  poured  in  such  a  manner  as  to  load  the  centers  symmetrically.     The 
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extrados  of  the  arch  ring  and  the  inside  surface  of  spandrel  walls  snould  be  left  smooth  to  receive 
the  waterproofing.  The  surface  may  be  waterproofed  as  described  in  {  75,  Appendix  11,  or  the 
membrane  method  may  be  used.  Before  applying  the  membrane  the  surface  of  the  concrete 
should  be  clean  and  dry  and  not  less  than  15  days  old.  A  primer  coat  should  be  applied  cold. 
For  asphalt  the  primer  coat  should  be  asphalt  thinned  with  petroleum  distillate;  while  for  coal 
tar  the  primer  coat  should  be  creosote  oil  which  shall  be  a  pure  tar  distillate  free  from  any  sub 
stance  foreign  to  a  tar  distillate.  The  membrane  should  be  applied,  so  as  to  lap  joints  as  for  tar 
and  gravel  roofs.  The  surface  of  the  concrete  and  of  all  laps  are  to  be  mopped  with  hot  asphalt 
or  hot  tar.  Especial  care  must  be  used  to  flash  the  concrete  in  angles  and  to  provide  the  necessary 
expansion  joints.  For  detai's  of  waterproofing  concrete  bridge  floors,  see  the  author's  "Struc- 
tural Engineers'  Handbook." 
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Section  E-E  -s  ■  ■ 

Fig.  8.    FALSRWOkK  for  Concrete  Arch  Bridge,  C.  &  S.  Rv.  and  D.  &  R.  G,  R.  R. 

Spandrel  filled  arches  should  be  drained  by  French  drains  15  in.  square  provided  with  suitable 
tile  outlets.  Drains  should  be  provided  for  all  abutments  and  retaining  walls.  Filling  of  spandrel 
filled  arches  should  be  deposited  in  layers  6  in.  to  8  in.  thick,  and  thoroughly  compacted  by 
ramming.     The  fill  should  be  made  symmetrically  from  both  ends  of  the  arch. 

Striking  Centers.— Centers  should  be  gradually  and  uniformly  lowered  in  such  a  manner 
as  not  to  produce  injurious  stresses.  The  forms  for  small  span  arches  should  be  supported  on 
hard  wood  wedges,  while  sand  boxes  should  be  used  for  large  span  arches.  In  mild  weather, 
centers  should  remain  in  place  under  arches  of  less  than  60  ft.  span  for  at  least  31  days,  and  under 
arches  over  60  ft.  span  for  at  least  28  days. 

Depositing  Concrete  Under  W«ter.— The  depositing  of  concrete  under  water  should  be  avoided 
if  possible,  as  results  are  somewhat  uncertain  even  when  the  work  is  done  under  strict  supervision. 
The  methods  that  give  the  best  results  are: 

I.  The  concrete  is  lowered  in  large  buckets  having  a  hinged  bottom  which  sets  sufiiciently 
far  above  the  lower  edge  of  the  bucket  that  it  may  open  freely  downward  and  outward  when  the 
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bucket  reaches  the  surface  upon  which  the  concrete  is  to  be  deposited.    The  top  of  the  buc^ket  a 
left  open.     The  bucket  should  be  completely  filled  before  lowering. 

2.  The  concrete  is  depowted  through  a  vertical  tube  or  "tremie"  reaching  down  to  thesurfact 
upon  which  the  concrete  is  to  be  deposited.  The  tremie  should  be  kept  filled  and  the  flow  of 
concrete  should  be  continuous.  In  beginning  the  operation  the  tremie  shouk)  be  filled  with  con- 
crete in  such  a  manner  that  the  concrete  is  not  permitted  to  drop  through  the  water.  This  ina)- 
be  accomplished  by  plugging  the  tremie  with  sacks  which  will  be  forced  down  as  the  tremie  is  filled 
with  concrete,  by  plu^ng  the  end  of  the  tremie  with  a  cloth  sack  filled  with  cement,  or  by  otbo" 
means.     If  the  charge  is  lost  the  tremie  should  be  filled  before  proceeding. 

3.  The  concrete  may  be  .deposited  in  loosely  filled  porous  cloth  or  jute  bags.  These  bags  are 
placed  so  as  to  bond  together.     The  mortar  working  through  the  porous  bags  cements  the  mas^ 

4.  Premouldcd  concrete  blocks  of  large  dimensions  may  be  used. 

5.  A  canvas  bag  may  be  used  as  a  depositing  bag  in  place  ot  a  bucket.  After  filling,  the 
mouth  of  the  bag  is  closed  by  one  turn  of  a  line  so  looped  that  a  pull  on  the  line  will  release  it. 
The  bag  is  lowered  mouth  down  to  the  surface  upon  which  the  concrete  is  to  be  deposited,  and  a 
pull  on  the  line  opens  the  bag  and  releases  the  concrete. 

The  following  precautions  should  be  taken  in  depositing  concrete  under  water: 
(a)  The  concrete  should  be  made  with  aggregate  smaller  in  size  than  for  concrete  deposiied 
in  air.  The  a^regate  should  be  carefully  graded  ao  as  to  make  a  dense  mixture.  The  mix  shouk) 
be  not  less  than  1-2-4  mix.  and  should  contain  more  cement  than  for  concrete  deposited  in  air. 
The  concrete  should  be  thoroughly  mixed  in  a  batch  mixer  with  only  sufficient  water  to  make 
a  stilT  mass.  Concrete  should  never  be  deposited  in  running  water.  In  running  water  a  cofTerdan 
should  be  constructed  in  such  a  manner  as  to  insure  still  water  within  the  cofferdam.  The  ccn-  I 
Crete  shall  be  deposited  continuously  in  order  that  laitance  may  not  form  between  the  la>-crs  of      | 


|i)  Before  beginning  concreting  after  an  interruption  the  laitance  ^ould  be  removed  fnun 
the  surface  of  the  concrete  already  placed.  It  is  impossible  to  prevent  the  formation  ot  laitancr. 
but  great  care  should  be  taken  to  reduce  the  amount  of  laitance  and  also  to  prevent  the  formation 
of  horizontal  cracks.  Concrete  should  not  be  deposiied  in  water  the  temperature  of  which  is  ciJ'i 
enough  to  retard  setting. 

Placing  Reinforcement. — ^The  vertical  steel  in  abutments  and  piers  should  be  in  place  an'l 
be  rigidly  supported  before  concreting  is  started.  The  horizontal  steel  should  be  wired  in  pbce 
in  advance  of  the  concrete  as  indicated  on  the  plans.  All  the  steel  in  the  superstructure  should 
be  wired  in  place  before  any  concrete  is  deposited  in  the  forms.  Great  care  should  be  used  lo 
sec  that  the  steel  is  located  exactly  as  shown  on  the  drawings.  Reinforcing  steel  should  be  sup- 
ported  on  metal  or  other  approved  supports  to  hold  it  at  the  proper  distance  above  the  form^. 
The  practice  of  laying  reinforcing  steel  directly  on  the  forms  and  attempting  to  raise  the  steel 
during  construction  is  pernicious  and  should  not  be  permitted. 

Inspection  of  Design  and  Constnietion  of  Concrete  Structures. — ^The  construction  of  coftctrte 
structures  should  not  be  separated  from  the  design,  but  the  engineer  who  prepares  the  desigs 
should  supervise  the  construction. 

The  design  drawings  and  spccif-cations  should  give  the  dead,  live  and  wind  loads,  the  aUo«- 
ance  for  impact,  the  working  stresses,  and  the  arrangement  of  all  details.  The  drawings  shouU 
show  the  sine,  length,  location  of  points  of  bending,  and  exact  position  of  all  reinforcement,  includ- 
ing stirrups,  tics,  hooping  and  splicing.  The  specifications  should  state  the  qualities  of  all  material 
and  the  proportions  that  are  to  be  used. 

Plans  should  also  be  prepared  by  the  engineer  for  all  falsework  and  forms.  Alternate  plans 
for  falsework  and  (ornis  should  be  invited  from  experienced  contractors. 

Inspection  during  construction  should  Ik:  made  by  Ihc  engineer's  inspectors,  and  shouU 
co\er  the  following: 
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t.  Tests  and  inspection  of  materials.  2.  Construction  and  erection  of  falsework  and  forms. 
3.  Sizes,  arrangement,  position  and  fastening  of  reinforcement.  4.  Proportioning,  mixing,  con- 
sistency, and  placing  of  concrete.  5.  Tests  of  concrete  made  on  work.  6.  Testing  concrete  to 
see  if  it  is  sufficiently  hardened  before  supports  are  removed.  7.  Protection  of  finished  parts  of 
structure  from  injury.  8.  Comparison  of  dimensions  of  all  finished  parts  of  structure  with  plans. 
9.  Inspection  of  finiah  of  concrete. 

ERECTION  OF  STEBL  HIGHWAT  BKIOGES.— The  details  of  the  operation  of  erecting 
steel  highway  bridges  will  depend  upon  the  type  of  bridge,  length  of  span  and  character  of  the 
crossing.  Short  span  plate  girder  and  riveted  truss  bridges  may  be  riveted  or  bolted  up  on  the 
bank,  and  then  swung  in  place  by  means  of  a  gin  pole  (a  long  pole  held  solidly  at  the  bottom  and 
held  in  place  at  the  top  by  guy  ropes;  the  load  is  lifted  by  blocks  and  falls  fastened  to  the  top  and 
bottom  of  the  pole,  while  the  load  is  swung  into  place  by  manipulating  the  guy  ropes).  Pin- 
connected  bridges  of  all  spans  and  long  span  riveted  truss  bridges  are  erected  on  falsework,  usually 
constructed  of  timber. 

Through  truss  bridges  are  usually  erected  by  means  of  a  gantry  overhead  traveler  which 
runs  on  a  track  supported  on  the  falsework.  Details  of  a  through  bridge  traveler  are  shown  in 
Fig.  9.     The  falsework  may  be  made  of  framed  bents  as  shown  in  Fig.  10,  or  pile  bents  may  be  used. 

Falsework. — Falsework  for  the  erection  of  bridges  is  built  up  of  bents  made  of  three  or  more 
posts  or  piles,  braced  transversely  in  the  same  manner  as  for  permanent  trestles.  Framed  bents 
are  carried  on  mudsills,  or  on  piles  when  the  foundation  is  inadequate  or  where  there  is  flowing 
water.  Where  piles  cannot  be  driven  in  running  water  or  where  there  is  danger  of  flood,  it  may 
be  necessary  to  use  spread  footings  which  are  anchored  in  place.  Where  it  is  practicable  to 
obtain  piles  of  suflicient  length  they  may  be  used  for  the  full  height  of  the  falsework.  The  timber 
uoed  in  building  falsework  should  be  sound,  strong,  free  from  defects  that  will  affect  its  strength 
or  interfere  with  its  use.  Since  the  structure  is  temporary,  durability  is  not  an  important  clement 
in  selecting  timber,  for  falsework  unless  it  is  to  be  used  several  times. 

For  examples  of  timber  trestles,  see  Chapter  XVI. 

Plans  of  typical  four-legged  falsework  as  used  by  the  American  Bridge  Company  are  shown 
in  Fig.  10.  When  trains  are  to  be  carried  and  2-8  in.  X  16  in.  stringers  are  used  under  each  rail, 
bents  must  not  be  spaced  over  18  ft.  centers  for  the  falsework  as  shown. 

Piles. — Timber  piles  may  be  driven  with  a  drop  hammer  or  with  a  steam  hammer.  A  spool 
roller  pile  driver  with  a  drop  hammer  is  shown  in  Fig.  ti.  The  hammer  is  raised  to  the  top  of 
the  leads  by  the  hoisting  engine;  the  hammer  is  then  permitted  to  fall  on  the  top  of  the  pile, 
dragging  the  hoisting  rope  down  with  it.  The  force  of  the  blow  of  the  hammer  depends  upon  the 
weight  of  the  hammer,  the  height  of  free  fall,  and  the  resistance  of  the  hammer  in  the  leads. 
By  catching  the  hammer  as  it  descends  the  operator  can  cushion  the  blow  so  that  the  safe  bearing 
power  of  a  pile  as  calculated  from  the  penetration  may  be  very  misleading. 

The  safe  load  on  piles  may  be  calculated  by  the  Engineering  News  formula  given  in  S  82  of 
the  "General  Specifications  for  Concrete  Highway  Bridges  and  Foundations,"  Appendix  II. 
Piles  ^ould  have  a  penetration  of  not  less  than  10  ft.  in  hard  material  and  not  less  than  15  ft. 
in  soft  material.  * 

The  following  specifications  may  be  used  for  falsework  piles.  All  piles  are  to  be  spruce, 
yellow  pine  or  oak,  not  less  than  8  in.  in  diameter  at  the  tip  and  not  more  than  14  in.  in  <liameter 
at  the  butt.  Piles  are  to  be  straight  and  sound,  and  free  from  defects  affecting  their  strength. 
Piles  are  to  be  driven  into  hard  ground  until  they  do  not  move  more  than  )  in.  under  the  blow  of 
a  hammer  weighing  3,000  lb.  and  falling  25  ft. 

Erection  of  m  Throti^  Truss  Bridge. — The  following  description  of  the  erection  of  a  409-ft. 
Petit  through  pin-connected  highway  bridge  will  illustrate  the  method  of  erecting  truss  bridges. 
The  falsework  was  constructed  by  driving  5  lines  of  piles  to  a  good  refusal.  The  piles  were  sawed 
off  and  capped  with  12"  X  12"  timbers.     The  longitudinal  sills  for  the  traveler  were  10"  X  12" 
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timbers,  whik  3"  X  10"  timbers  were  used  for  transverse  and  longitudinal  bracing.  The  pile 
bents  were  spaced  39  It.  centers,  which  was  the  same  as  the  panel  length  of  the  bridge.  The 
traveler  was  built  so  that  it  would  clear  the  bridge  when  it  was  erected,  and  was  58  ft.  long.  After 
the  falsework  was  com|rfeted  the  traveler  was  erected  and  moved  out  on  the  track  to  the  center 
of  the  bridge.  The  Aoorbeanis  and  lower  chord  bars  were  then  put  in  place  on  the  falsework, 
care  being  used  to  see  that  the  pedestals  would  come  in  their  proper  places. 


l^'f^eijmtltr- Constant  _ 


Id'O  ttoiTr^eler  Coialiint 


"^  So/led Snei  defmfe  iiSts  beinna  ir/iennKsssay 
Thestt^s  matinwm  kn^htfleg  net  lsfjrctta'30-0. 
ifHitiinqtn  are  ta  beordtred  aither  E6-0  orX-9 
to  net  modiiions. 

Thii  typt  of  fa/it  nark  is  dtaiqntd  forheBvy  lin^e 
track  spans  mhen  trains  on  not  carried  and  for 
iin^  trsck  ^uns  if  to  ZX  'tthen  tram  att  carried. 


M. ;-,.Aa;       TYPicffL  FoiM-Lt6m}liL^mKK 

'7 'i?/>'"-   ---«■-  fitisticffNBRmcOmpfiffY 

'-DoHtd lints  d*ncl»  sill  to  b*  and  thtnn*ctsitrf  OFNEWYPHK 

Fic.  10. 

The  four  vertical  posts  forming  the  middle  double  panels  were  then  lifted  into  place  by 
means  of  a  hoisting  engine  and  were  bolted  to  the  floorbeams.  The  diagonals  were  then  put  in 
place  and  the  posts,  the  diagonals  and  the  lower  chords  were  connected  up.  The  middle 
sections  of  the  top  chord  were  ihen  put  in  place  and  the  diagonals,  top  struts,  sway  and  lateral 
bracing  were  put  in  place.  The  middle  panel  of  the  bridge  was  now  Eelf-supporting.  The 
traveler  was  then  moved  58  ft,  toward  one  end  of  the  bridge  and  the  next  double  panel  was 
erected,  and  so  on  until  finally  the  end-posts  were  erected.  The  traveler  was  then  taken  back 
past  the  center  of  the  bridge  and  the  other  end  was  erected  in  the  same  manner.  The  blocking 
was  then  knocked  from  under  the  panel  points  and  the  span  was  swung  free.  The  riveting  was 
then  completed,  the  floor  joists  and  floor  covering  were  put  in  place  and  the  bridge  was  painted. 


I  the  bridge  was  iiainl 
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Pilot  points  and  driving  nuts,  as  ehown  in  pig_  ^■J^  Chapter  XV,,  are  used  in  driving  cbont 
pins  to  protect  the  threads. 

In  erecting  deck  bridges  the  traveler  is  often  run  on  the  completed  part  of  the  span.  Sted 
trestles  may  be  erected  from  a  traveler  run  on  top  o(  the  completed  structure;  or  the  bents  may 
be  riveted  up  on  the  ground  and  then  erected  by  using  a  gin  pole,  and  after  the  towers  Yiavc  been 
erected  the  girders  are  raised  in  place  by  means  of  gin  poles  fastened  to  the  tops  of  the  towers 

In  erecting  small  highway  bridges  of,  say,  loo-ft.  span,  a  traveler  is  not  ordinarily  used 
After  building  the  falsework,  as  previously  described,  the  four  vertical  posts  near  the  cento. 
together  with  the  middle  sections  of  the  top  chord,  are  raised  by  means  of  gin  poles,  a  hand  crab 
being  used  in  place  of  a  hoisting  engine. 


Fig.  II.     Details  of  Standard  Pile  Driver.    American  Bridge  Company. 

The  top  chord  of  bridges  should  be  designed  with  special  reference  to  the  methods  used  i: 
erecting  tiie  bridge.  In  bridges  with  parallel  chords,  the  middle  section  of  the  top  chord  shout: 
be  detailed  so  that  the  middle  panel  of  both  chords  may  be  erected  and  made  self-suppoctii^ 
Splices  in  top  rhords  should  be  placed  as  near  panel  points  as  practical,  and  between  the  card 
point  and  the  nearest  end  of  the  bridge.  In  bridges  with  inclined  chords  no  splices  are  requifp;. 
the  stresses  in  the  chords  being  transferred  directly  through  the  pin. 

Erection  Equipment.— Details  and  description  of  erection  eituipment,  including  derrirb 
hoists,  and  crcTtion  tools  arc  given  in  the  author's  "Structural  Engineers'  Handbook.' 
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Hill  InqtMtkm. — The  details  ol  mill  inspection  are  given  in  "General  Specifications  for 
Steel  Highway  Bridges"  in  Appendix  I.  While  the  product  of  rolling  mills  is  quite  uniform,  mill 
inspection  of  the  material  is  very  desirable.  The  mill  inspection  is  ordinarily  done  by  a  repre- 
sentative of  a  testing  concern  who  is  stationed  at  the  mill.  Where  material  is  taken  from  stock 
it  is  necessary  to  waive  mill  inspection. 

Shop  InspMtiiMI. — The  drawings  are  checked,  and  the  fabricated  members  an  checked  with 
the  drawings.  All  defects  discovered  arc  corrected.  All  defective  material  is  replaced.  The 
following  items  are  important  in  shop  inspection.  Note  that  the  various  pieces  of  which  a  member 
is  to  be  constructed  are  straight  and  free  from  dust  or  dirt.  Surfaces  coming  in  contact  should  be 
painted  two  coats  of  paint  before  being  riveted  together.  Rivet  holes  should  match  so  that  hot 
rivets  may  enter  the  hole  without  driving.  Drift  pins  may  be  used  for  drawing  the  parts  of  the 
member  tc^ther,  but  not  for  enlargii^  rivet  holes.  If  holes  do  not  match  they  should  be  reamed. 
The  pieces  should  be  tightly  drawn  together  with  bolts  before  the  rivets  are  driven.  For  usual 
conditions  about  twenty-five  per  cent  of  the  holes  should  be  filled  with  erection  bolts,  tightly 
drawn  up  before  any  rivets  are  driven.  If  the  plates  are  not  well  drawn  up  the  hot  metal  nil! 
flow  between  the  plates,  resulting  in  defective  rivets  and  a  loose  connection.  Rivets  should  be 
driven  with  a  direct  acting  power  riveter.  Rivets  driven  by  hand  or  with  a  pneumatic  hammer. 
should  be  very  carefully  inspected.  The  heads  should  be  full  and  concentric.  If  insufficient  stock 
is  used  the  head  wtll  be  formed  without  filling  the  hole  or  the  heads  will  not  be  fully  formed,  and  the 
rivets  will  work  loose.  With  too  much  stock  a'  lip  will  be  formed  around  the  head.  Stock  that 
will  give  a  small  amount  of  lip  is  much  better  than  scant  stock.  Pinholes  should  be  bored  after 
the  member  is  completely  riveted.  The  holes  should  be  at  right  angles  to  the  axis  of  the  member, 
and  should  be  of  the  proper  «ze  and  exactly  spaced.  Reamed  holes  are  first  punched  to  a  smaller 
diameter  and  are  then  reamed  with  twist  drills  to  the  required  size.  Holes  should  be  reamed  with 
the  members  as  in  final  poution  or  a  steel  template  should  be  used.  The  thickness  and  dimen- 
sions, of  all  plates  and  the  thickness  and  weights  of  all  structural  shapes  should  be  checked. 

All  rivets  in  the  finished  members  should  be  tested  for  tightness  by  striking  the  head  of  the 
rivet  a  sharp  blow  with  a  light  hammer.  Loose  rivets  give  a  dull,  hollow  sound.  If  the  finger 
is  held  on  the  side  of  the  head  on  the  c^posite  side  when  the  blow  is  struck,  a  loose  rivet  can 
easily  be  detected.  Great  care  must  be  used  in  culling  out  loose  rivets  to  prevent  loosening  other 
rivets  in  a  connection.  A  single  loose  rivet  in  a  joint  with  sufficient  sound  rivets  may  be  permitted 
to  remain,  if  its  removal  is  liable  to  loosen  other  rivets  in  the  connection.  The  painting  should 
be  carefully  inspected  to  see  that  the  paint  is  thoroughly  mixed  with  first  class  materials,  that  the 
metal  is  clean,  dry  and  warm  when  the  paint  is  applied,  and  to  see  that  the  paint  is  well  spread 
and  worked  in  with  round  brushes.  Thefirstcoatof  paint  on  structural  steel  is  the  most  important 
one.  If  the  shop  coat  of  paint  is  porous  and  irregular  the  later  coats  will  be  ineffective.  The 
only  solution  will  be  to  thoroughly  scrape  and  clean  off  the  old  paint  before  applying  the  field  coat. 

Field  Inspection. — If  shop  inspection  has  not  been  made  the  material  should  be  Jnspectcil 
before  it  is  erected  in  place.  The  connections  should  be  field  bolted  with  at  least  fifty  per  cent  of 
the  holes  filled  with  drift  pins  and  field  bolts.  The  plates  must  be  drawn  tightly  together  before 
any  rivets  are  driven.  Before  rivets  are  dri^n  in  the  main  trusses  the  camber  blocking  should 
be  removed.  Milled  joints  should  be  square  and  in  full  bearing.  Make  sure  that  the  expansion 
rollers  or  rockers  arc  properly  located. 

*    KBFEREnCES.— For  additional  data  on  the  erection  of  bridges  consult  the  following; 
Ketchum's  "  Structural  Engineers'  Handbook;  Hool  and  Johnson's  "  Concrete  Handbook." 
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APPENDIX  I. 
GENERAL  SPECIFICATIONS  FOR  STEEL  HIGHWAY   BRIDGES." 

BY 

MILO  S.  KETCHUM, 

M.  Am.  Soc.  C.  E. 

FouKTU  Ediiion, 

1930. 

PART  I.    DESIGN. 
General  Description. 

I.  ClaaaM. — Bridges  under  these  spec  ideations  are  divided  into  eight  classes,  as  l<A\ow&: 
Class  A. — For  city  traffic. 

Class  B. — For  suburban  or  interurban  traffic  with  heavy  electric  cars. 

Class  C. — For  country  roads  with  ordinary  traffic  and  light  electric  cars. 

Class  Di. — For  country  roads  with  heavy  traffic. 

Class  Di. — For  country  roads  with  light  traffic. 

Class  El. — For  heavy  electric  street  railways  only. 

Class  Ej. — For  medium  electric  street  railways  only. 

Class  Ej. — For  lieht  electric  street  railways  only. 

3.  BlateriftL — All  parts  of  the  structure  shall  be  of  rolled  steel,  except  the  floorine,  floor 
joists  and  wheel  guards,  when  wooden  floors  are  used.  Cast  iron  or  cast  steel  may  be  used  in  the 
ntachinery  of  movable  bridges,  for  wheel  guards,  and  for  bed  plates  and  rocken. 

3.  Types  of  Truss. — The  following  types  of  bridges  are  recommended: 
Spans  up  to  30  ft. — Rolled  beams. 

Spans  from  30  to  80  ft. — Riveted  plate  girders,  or  riveted  low  trusses  for  classes  A,  B,  E|, 
El  and  E,;  and  riveted  low  trusses  for  classes  C,  Di  and  Di. 
Spans  So  to  160  ft. — Riveted  or  pin-connected  high  trusses. 

Spans  160  to  30O  ft. — Pin-connected  trusses  of  the  Pratt  type  with  inclined  chords. 
Spans  over  aoo  ft  .^Pin-connected  trusses  of  the  Petit  type  or  K-type. 

4.  Length  of  Spaa. — In  calculating  the  stresses  the  length  of  span  shall  be  taken  as  the 
distance  between  centers  of  end  pins  for  pin-connected  trusses,  centers  of  end  bearing  plates  for 
riveted  trusses  and  for  girders,  and  center  to  center  of  trusses  for  floorbcams. 

5.  Form  ot  Trusses. — The  form  of  truss  shall  preferably  be  as  given  in  paragraf^  3.  In 
through  trusses  the  eud  vertical  suspenders  and  the  two  panels  of  the  lower  chord  at  each  end 
shall  be  made  rigid  members  if  the  wmd  load  produces  a  reversal  of  stress  in  the  lower  chord.  In 
through  bridges  the  floorbeams  shall  be  riveted  above  or  below  the  lower  chord  pins. 

6.  Lateral  Bradng.-'All  lateral  and  sway  bracing  shall  preferably,  and  all  portal  bracing 
must  be,  made  of  shapes  capable  of  resisting  compression  as  well  as  tension,  and  shall  have  riveted 
connections.  Low  trusses  and  through  plate  girders  shall  be  stayed  by  knee  braces  or  gusset 
plates  at  each  floorbcam. 

7.  Spadng  of  Tnisses. — ^For  bridges  carrying  electric  cars  the  clear  width  from  the  center  of 
the  track  shall  not  be  less  than  ?  ft,  at  a  height  exceeding  one  toot  above  the  track  where  the 
tracks  are  straight,  and  an  equivalent  distance  when  the  tracks  are  curved.  The  distance  between 
centers  of  trusses  shall  in  no  case  be  less  than  one-twentieth  of  the  span  between  the  centers  of 
end-pins  or  shoes,  and  shall  preferably  not  be  less  than  one-twelfth  of  the  span. 

8.  Head  Room.— For  classes  A,  B,  C,  Di,  Ei,  E,  and  E.  the  clear  head  room  for  a  width  of 
eight  (8)  ft.  on  each  track,  or  eight  (8)  ft.  on  the  center  line  of  the  bridge  shall  not  be  less  thaa 
15  ft.,  and  for  class  Di  not  less  than  12)  ft. 

9.  Footwallca. — Where  footwalks  are  required,  they  shall  generally  be  placed  outside  of  the 
trusses  and  be  supported  on  longitudinal  beams  resting  on  overhanging  steel  brackets. 

10.  HandmiUng,— A  strong  and  suitable  handralling  shall  be  placed  at  each  side  of  the  bridge 
and  be  rigidly  attached  to  the  superstructure. 

II,  Trestle  Towers.— Trestle  bents  shall  preferably  be  composed  of  two  supporting  columns, 
two  bents  forming  a  tower;  each  tower  thus  formed  shall  be  thoroughly  braced  in  both  directions 
and  have  struts  between  the  feet  of  the  columns.  The  feet  of  the  columns  must  be  secured  to 
»a  anchorage  capable  of  resisting  one  and  one-half  times  the  specified  wind  forces  (£89). 

•  To  accompany  "  General  Spectlications  for  Construction  of  a  Highway  Bridge,  "  Chapter 
XXIV,  page  430. 
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Each  tower  shall  have  a  Bufficient  base,  longitudinally  to  be  stable  when  Manding  abw, 
without  other  support  than  its  anchorage.  Tower  spans  for  high  trestles  shall  not  be  less  tJuo 
30  ft. 

11.  Proposals. — Contractors  in  submitting  proptsals  shall  furnish  complete  stress  sheets. 
general  plans  of  the  proposed  structures,  and  such  detail  drawings  as  will  clearly  show  the  dimes- 
bions  of  all  the  parts,  modes  of  construction  and  sectional  artas. 

13.  Drawings.— Upon  the  acceptance  and  the  execution  of  the  contract,  all  working  diawingt 
required  by  the  engineer  shall  be  furnished  free  of  cost  ($168). 

14.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  have  been  approved  by  the  engineer  in  writing. 

FLOOR  SYSTEM. 

15.  Floorbeams. — All  floorbeams  shall  be  rolled  or  riveted  steel  girders,  rigidly  connecied 

to  the  trusses  at  the  panel  points,  or  may  be  placed  on  the  top  of  deck  bridges  at  paoel  pdnCi. 
Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders. 

16.  Joists  and  Stringers. — All  joists  and  stringers  of  bridges  of  classes  A,  B,  Ei,  E,  and  E 
shall  be  of  steel.  Joisu  for  classes  C,  D|  and  D,  may  be  either  of  wood  or  steel  as  spcdfcd 
Steel  joists  shall  be  securely  fastened  to  the  cross  floorbeams,  and  steel  stringers  shall  prvteiaUr 
be  riveted  to  the  webs  of  floorbeams  by  means  of  connection  angles  at  least  rt  'n.  thick. 

17.  End  Spacers  for  Stringers. — Where  end  floorbeams  cannot  be  used,  stringers  resting  ot 
masonry  shall  have  cross-frames  at  their  ends.  These  frames  shall  be  riveted  to  girder  or  trust 
shoe  where  practicable. 

18.  Wooden  Joists. — Wooden  Hoor  joists  shall  be  spaced  not  more  than  2!  ft.  centers,  and 
shall  lap  by  each  other  so  as  to  have  a  full  bearing  on  the  floorbeams,  and  shall  be  separated  1  ia- 
for  free  circulation  of  air.  Their  width  shall  not  be  less  than  3  in.,  or  one-fourth  the  depth  is 
width.  The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equil  to 
the  spacing  of  the  joists  in  feet  divided  by  four  feet.  No  impact  shall  be  considered  in  the  dtsp 
of  wooden  joists,  planks  or  ties.  Oak,  longleaf  yellow  pine  and  Oregon  fir  shall  be  designed  for  1 
safe  bending  of  1,500  lb.  pcrsq.  in.,  bearing  across  the  fiber  of  400  lb.  persq.  in.,  and  shearing  abai 
the  ^in  of  140  lb.  per  sq.  in.  Outside  joists  shall  be  designed  for  the  same  live  loads  as  the  ialer- 
mcdiate  joists. 

19.  Steel  Joists. — Steel  I-bcams  when  used  as  joists  shall  have  a  depth  of  not  less  than  one- 
thirtieth  of  the  span,  and  one-twentieth  of  the  span  when  used  as  track  stringers.  The  prDponim 
of  the  concentrated  hve  load  carried  by  one  joist  shall  be  taken  equal  to  the  spacing  of  the  joias 
in  feet  divided  by  four  feet  when  timber  flooring  is  used,  and  divided  by  six  feet  when  a  reinforiwl 
concrete  or  other  rigid  floor  is  used.  Outside  joists  shall  be  designed  for  the  same  live  loads  as  tht 
intermediate  joists. 

20.  Floor  PUnk. — For  single  thickness  the  roadway  planks  shall  not  be  less  than  3  in.  thick 
nor  less  than  one-eighth  of  the  distance  between  centersof  joists,  and  shall  belaid  transversely  with 
i  in.  openings  and  securely  spiked  to  each  joist.  All  plank  shall  be  laid  with  heart  side  down. 
When  an  additional  wearing  surface  is  required  it  shall  be  ij  in.  thick,  and  the  lower  planks  of  a 
minimum  thickness  of  3  in.  shall  be  laid  diagonall:^  with  i  in.  openings. 

21.  Footwal'i  plank  shall  be  not  less  than  2  in.  thick  nor  more  than  6  in.  wide,  spaced  with 
J  in.  openings. 

Alt  plank  shall  be  laid  with  heart  side  down,  shall  have  full  and  even  bearing  on  and  be  firmly 
attached  to  the  joists. 

23.  Wheel  Gnsrds. — Wheel  guards  of  a  cross-section  of  not  less  than  6  in.  by  4  in.  shall  bt 
provided  on  each  side  of  the  roadway.  They  shall  be  spliced  with  half-and-half  joints  with  6  in. 
lap,  and  shall  be  bolted  to  the  stringers  or  joist  with  i  in.  bolts,  spaced  not  to  exceed  5  ft.  apan 

23.  Solid  Floor. — For  bridges  of  classes  A  and  B  a  solid  floor,  consisting  of  wooden  blocks 
brick,  stone,  asphalt,  etc.,  on  a  concrete  bed  is  recommended.  For  this  case  the  floor  shall  cod- 
sist  of  buckle  plates  or  corrugated  sections  or  reinforced  concrete  slabs,  and  a  waterprocf 
concrete  {bitumen  or  cement)  bed  not  less  than  3  in.  thick  for  the  roadway  and  2  in.  thick  t(w  thf 
footwalk,  over  the  highest  point  to  be  covered,  not  counting  rivet  or  bolt  heads.  The  floor  shall 
be  laid  with  a  slope  of  at  least  one  inch  in  10  ft. 

Reinforced  Concrete  Floor. — See  specifications  for  reinforced  concrete  floor  in  "  Genenl 
S[)eci  Ilea  lions  for  Concrete  Highway  Bridees  and  Foundations,"  Appendix  II,  and  for  thi 
distribution  of  loads  on  slabs  see  Chapter  IX. 

24.  Buckle  plates  s'lall  not  be  less  than  A  '"■  thick  for  the  roadway  and  1  in.  thick  for  tk 
footwalk.     The  crown  of  the  plates  shall  not  be  less  than  2  in. 

25.  For  solid  floor  the  curb  holding  the  paving  and  acting  as  a  wheel  guard  on  each  sade  d 
the  roadway  shall  be  of  stone  or  steel  projecting  about  6  in.  above  the  finished  paving  at  the  guttn. 
The  curb  shall  be  so  arranged  that  it  can  be  removed  and  replaced  when  worn  or  injured  Theft 
shall  also  be  a  metal  edging  strip  on  each  side  of  the  footwalk  to  protect  and  hold  the  paving  it 
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26.  Draiiuge. — Provision  shatt  be  made  (or  drainage  clear  ol  all  parts  of  the  nwtal  work. 

21.  Floor  of  Clossea  B|,  E|,  uid  £■■ — The  floors  of  classes  Ei,  E„  and  E|  shall  consist  (^ 
cross-ties  not  less  than  6  in.  by  6  in.  for  stringers  spaced  6)  ft.;  and  larger  for  greater  spacings, 
they  shall  be  spaced  with  openings  not  exceeding  6  in.,  shall  be  notched  down  J  in.,  and  secured 
to  the  supporting  stringers  by  1  in.  bolts  spaced  not  over  6  ft.  apart.  The  ties  shall  extend  the 
full  iridth  of  the  bridge  on  deck  bridges,  and  every  other  tie  shall  extend  the  full  width  in  through 
bridges  to  carry  the  footwalk.  Ties  shall  be  designed  for  the  same  allowable  unit  stresses  as 
wooden  joists. 

There  shall  be  guard  timbers  not  less  than  6  in.  by  6  in.,  or  5  in.  by  7  in.,  on  each  Mde  of 
each  track,  with  their  inner  faces  not  less  than  9  in.  from  the  center  of  the  rail.  They  shall  be 
notched  I  in,  over  every  tic,  and  shall  be  spliced  over  a  tie  with  a  half-and-half  joint  with  6  in. 
Ian.  Each  guard  timber  shall  be  fastened  to  every  third  tie  and  at  each  splice  with  a  i  in,  bolt. 
All  heads  or  nuts  on  the  upper  (aces  of  tics  or  guards  shall  be  countersunk  below  the  surface  of 
the  wood. 

PART  II.    LOADS. 

a8.  Dead  Load.— The  dead  load  will  consist  of  (i)  the  weight  of  the  metal,  and  {i)  the  weight 
of  the  timber  in  the  floor,  or  of  the  material  other  than  steel.  In  determining  the  dead  load  the 
weight  o(  oak  or  other  hard  wood  shall  be  taken  at  4!  lb.  per  foot  board  measure,  and  the  weight 
of  pine  or  other  soft  woods  at  3i  'b.  per  foot;  the  weight  of  asphalt  at  130  lb.,  of  concrete  and 
paving  brick  at  150  lb.,  and  of  granite  at  160  lb  per  cu.  ft. 

The  rails,  fastenings,  splices  and  guard  timbers  of  street  railway  tracks  shall  be  assumed  to 
weigh  not  less  than  too  lb.  per  lineal  foot  of  track. 

29.  Live  Load-^The  bridges  of  different  classes  shall  be  designed  to  carry,  in  addition  to 
their  own  weight  and  that  of  the  floor,  a  moving  load,  either  uniform  or  concentrated,  or  both,  as 
specified  below,  placed  so  as  to  give  the  greatest  stress  in  each  member. 

Class  A.  For  Ciiy  Traffic. — For  the  floor  and  its  supports,  on  any  part  of  the  roadway  or 
on  each  of  the  street  car  tracks,  a  concentrated  load  of  24  tons  on  two  axles  10  ft.  centers  and  5  ft. 
Kagc  (assumed  to  occupy  IZ  ft.  in  width  for  a  single  line  or  23  ft.  for  a  double  line),  and  upon 
the  remaining  portion  of  the  door,  a  load  of  125  lb.  per  sq.  ft.  and  a  concentrated  load  as  for  class 
D|.     Sidewalks  a  load  of  100  tb.  pcrsq.  ft. 

Loads  tor  the  trusses  as  per  Table  I. 

Class  B.  For  Suburban  or  Interurban  Traffic. — Forthe  floor  and  its  supports,  on  any  part 
of  the  roadwa>[,  a  concentrated  load  of  12  tons  on  two  axles  lO-ft.  centers  and  S-ft.  gage  (assumed 
to  occupy  a  width  of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  of  34  tons  on  two 
aides  lo-ft.  centers;  and  on  the  remaining  portion  of  the  floor,  a  load  of  125  lb,  per  sq.  ft.  and  a 
concentrated  load  aa  for  class  Di.     Sidewalks  a  load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Class  C.  For  Hiihway  and  Light  Interurban  Traffic. — For  the  floor  and  Its  supports,  on 
any  part  of  the  roadway,  a  concentrated  load  of  12  tons  on  two  axles  lo-ft.  centers  and  ,^-ft.  gage 
(assumed  to  occupy  a  width  of  13  ft.),  or  on  each  street  car  track  r  concentrated  load  of  18  tons 
on  two  axles  lo-ft.  centers;  and  upon  the  remaining  portion  of  the  Hoor,  a  load  of  125  tb.  per  sq.  [t. 
and  a  concentrated  load  as  for  class  D|.     Sidewatl^  a  load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Class  Di.  Henvy  Country  Bridges. — For  the  floor  and  its  supports,  a  load  of  12s  lb.  per  sq.  ft. 
of  total  floor  surface  or  a  20-ton  motor  truck  with  axles  spaced  12  ft.  and  wheels  witTi  6ft.ccntcra, 
with  14  tons  on  rear  axle  and  6  tons  on  front  axle.  The  truck  to  occupy  a  space  10  (t.  wide  and 
32  ft.  long.     The  rear  wheels  to  have  a  width  of  20  in. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  of  less 
than  1,000  lb.  per  lineal  foot  of  bridge. 

Class  Di.     Oridnary  Country  Bridges. — For  the  floor  and  its  supports,  a  load  of  100  lb.  per 
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_      .  .  _,  T  axle  and  5  tons  on 

front  axle,  and  with  rear  wheels  13  in.  wide. 

Loads  (or  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  ol  Icsa 
than  800  lb.  per  lineal  foot  of  bridge. 

Class  El.  For  Heavy  Electric  Railways  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  o(  the  pairs  being  spaced  5  ft.  centers,  while  i  he  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The 
axles  are  loaded  with  a  load  u(  40,000  lb.,  making  a  total  of  160,000  lb.  Or  a  uniform  load  of  6.000 
lb.  per  lineal  foot  for  all  s[>ans  up  to  50  ft.,  reduced  to  4.500  lb.  per  lineal  foot  for  spans  of  200  ft. 
and  over,  and  proportionately  for  intermediate  spans. 
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Class  Et.     For  Medium  Ekctric  Raitiita: 

consistingof  two  pairs  of  trucks,  the  axles  ^.  „   ,    -      „        ,       

between  centers  ol  interior  axles  is  lO  ft.,  the  pairs  of  trucks  being  spaced  15-ft.  centers, 
axles  are  loaded  with  a  load  of  35,000  lb.,  making  a  total  load  of  100,000  lb.  Or  a  uniform  k^^ 
°f  3,500  lb.  per  lineal  foot  for  all  spans  up  to  50  :t.,  reduced  to  2,000  )b.  per  lineal  foot  for  span^ 
of  200  ft.  and  over,  and  proportionately  for  intermediate  spans. 

Class  Et.  For  Light  Electric  Railways  Only. — On  each  track  3  series  of  concmtratimi 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  paire  being  spaced  5-ft.  centers,  while  the  disiaiHT 
between  centers  of  interior  axles  is  10  tt.,  the  pairs  of  trucks  being  spaced  15  ft.-oenters.  Thr 
axles  are  loaded  with  a  load  of  20.000  lb.  making  a  total  ioad  of  80,000  lb.  Or  a  uniform  load  fi 
2,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  1,500  lb.  per  lineal  foot  for  spaas  of 
200  ft.  and  over,  and  proportioiutely  lor  intermediate  spans. 

TABLE  I. 
Live  Loads  for  the  Tkijssbs 


Sp»  ir,  ?«t 

CluiA.. 

CIouB. 

cu«c 

CI«.Di. 

Ck.Dt 

1 

n 

1 

i 

1 

0,- 

4\ 

Up  to 

30 

16a.'.'.'.'.'.'. 
and  over 

1,800 
1.800 
1,440 

l.:oo 

So 

1,800 
1,800 
1-440 

60 

i.Soo 

1,000 

1 

60 

1 

60 

30.  Wind  Loads. — The  lateral  bracing  in  the  unloaded  chords  of  truss  bridges  shall  be  dc£i^)ed 
fur  a  lateral  wind  load  of  150  lb,  ])er  lineal  foot  f>f  bridge,  considered  as  a  moving  load.  The  Uter^ 
l.racing  in  the  loaded  chords  o(  truss  brides  shall  be  designed  for  a  lateral  wind  load  of  300  lb.  pef 
lineal  foot  of  bridge,  considered  as  a  moving  load.  For  spans  over  300  ft.  each  of  the  abuie  load- 
ings shall  be  increased  10  lb.  for  each  20  ft,  increase  in  span.  In  highway  bridges  not  earthing 
electric  cars  the  end-posls  of  through  and  deck  bridges  and  the  intenuediate  posts  of  through 
bridges  shall  be  designed  (or  a  combination  (i)  of  ihe  dead  load  stresses  and  the  total  Ii\-e  load 
stresses;  or  (2)  of  the  dead  load  stresses,  the  live  load  stresses,  the  impact  and  centrifugal  stre&scs. 
and  one-half  the  total  wind  load  stresses.  In  low  truss  bridges  and  plate  girders  not  can^in^ 
electric  cars  the  wind  load  on  the  unloaded  chord  may  be  omitted  and  the  lateral  biacing  be  de- 
signed for  a  lateral  wind  load  of  300  lb.  per  lineal  foot  treated  as  a  moving  load.  In  bridges  vitli 
sway  bracing  one-half  of  the  wind  load  may  be  assumed  to  pass  to  the  lower  chord  through  ibt 
sway  bracing. 

End-posts  of  riveted  through  trusses  with  end  floorbeams  riveted  rigklly  at  ends,  shall  K 
assumed  as  fixed  at  lower  end, 

31.  In  trestle  towers  the  bracing  and  columns  shall  be  designed  to  resist  the  following  latere 
forces,  in  addition  to  the  stresses  due  to  dead  and  live  loads:  The  trusses  loaded  or  unloaded,  tbr 
lateral  pressures  specified  above;  and  a  lateral  pressure  of  100  lb.  for  each  vertical  lineal  foot  a 
trestle  bent. 


s  due  to  a  variation  in  temperature  of  150  degrees  shall  be  p^ 

curves  shall  be  designed   for  thr 
„    ,-  -.  rhe  centrifugal  force  diall  be  calct- 

lated  by  the  following  formula:   C  =  o.o.i  W-D;  where  C  =  centrifugal  force  in  lb.;   W  ^  «-e^; 
of  train  in  lb.;   and  D  -  degree  of  curvature. 

34.  Longitudinal  Forces.— The  stresses  produced  in  the  bracing  of  the  trestle  towers,  in  «bv 
members  of  the  trusses,  or  in  the  attachments  of  the  girders  or  trusses  to  their  bearings,  by  sud- 
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(Icnly  stopping  the  maximum  electric  car  trains  on  any  part  of  the  work  must  be  provided  for; 
the  cocRicient  of  friction  of  the  wheels  on  the  raib  being  assumed  as  0.20. 

35.  All  parts  shall  be  so  designed  that  the  stresses  coming  upon  them  can  be  accurately 
calculated. 

PART   in.    UNIT  STRESSES  AND   PROPORTION  OF  PARTS. 

36:  Dnit  Stressea. — All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the 
maximum  stresses  shall  not  exceed  the  following  amounts  in  lb.  per  sq.  in.,  except  as  modified  by 
S  45  and  {  48- 

Impact. — The  dynamic  increment  of  the  live  load  stregs  shall  be  added  to  the  maximum  live 
load  stresses  as  follows; 

For  the  floor  and  its  supports  including  Boor  slabs,  floor  joist,  Hoorbeams  and  hangers,  30 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  impact  increment  shall  be 
I  —  iao/(L  +  300),  where  L  —  length  of  span  for  simple  higtin-ay  spans  (for  trestle  bents,  towers, 
movable  bridges,  arch  and  cantilever  bridges,  and  for  bridges  carrying  electric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

Impact  shall  not  be  added  to  the  stresses  produced  by  longitudinal,  centrifugal  and  lateral  or 
wind  forces. 

37.  Tenuon. — Axial  tension  on  net  section 16,000 

The  lengths  of  riveted  tension  members  in  horizontal  or  inclined  positions  shall  not  exceed 

300  times  their  radius  of  gyration  about  the  horizontal  axis.     The  horizontal  projection  of  the 
unsupported  portion  of  the  member  is  to  be  considered  as  the  effective  length. 

38.  Compressioil. — Axial  compression  on  gross  section 16,000  —  ■JQ-Ijr 

with  a  maximum  of  14,000  lb.;  where  "/"  is  the  length  of  member  in  inches  and  "r"  is  the  least 
radius  of  gyration  in  inches. 

No  compression  member,  however,  shall  have  a  length  exceeding  100  times  its  least  radius  of 
gyration  for  main  members  or  1 30  times  for  laterals  for  classes  A,  B,  C,  Er,  Ei.  and  Ei;  or  125  times 
Its  least  radius  of  gyration  for  main  members  or  150  times  for  laterals  for  classes  Di  and  £>]. 

39.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections  and  girders; 

net  section l6,O0O 

on  cast  iron 3,000 

on  extreme  fibers  of  pins 24,000 

40.  SEieaiiiii;. — ^Shearing:  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 

plate  girder  webs;  gross  section 10,000 

cast  iron. . .  ._ ._ 1,500 

41.  Bouing. — Bearing;   shop  driven  rivets  and  pins 24,(xx> 

field  driven  rivets  ana  turned  bolts 20,000 

granite  masonry  and  Portland  cement  concrete 600 

sandstone  and  limestone 400 

expansion  rollers;  per  lineal  inch 6ood 

cast  iron  expansion  rockers;  per  lineal  inch 30od 

where  "d"  is  the  diameter  of  the  roller  in  inches. 
Rivets  shall  not  be  used  in  direct  tension,  except  for  lateral  bracing  where  unavoidable;  in 
which  case  the  value  for  direct  tension  on  the  rivet  shall  be  taken  the  same  as  for  single  shear. 

42.  Alternate  StreueB. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur 
in  succession  during  the  passage  of  one  train,  as  in  stilT  counters,  each  stress  shall  be  increased  by 
^o  per  cent  of  the  smaller.     Tne  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 

43.  Angles  in  Tendon. — When  single-angle  members  subject  to  direct  tension  are  fastened  by 
one  leg,  only  seventy-five  per  cent  of  the  net  area  shall  be  considered  effective.  Angles  with  lug 
angle  connections  shall  not  be  considered  as  fastened  by  both  legs. 

44.  Net  Section.—In  members  subject  to  tensile  stresses  full  allowance  shall  be  made  for 
reduaion  of  section  by  rivet-holes,  screw-threads,  etc.  In  calculating  net  area  the  rivet-holes 
shall  be  taken  as  having  a  diameter  1  in.  greater  than  the  normal  size  of  rivet. 

The  net  section  of  riveted  members  shall  be  the  least  area  which  can  be  obtained  by  deductihg 
from  the  gross  sectional  area  the  areas  of  holes  cut  by  any  ^ane  perpendicular  to  the  axis  of  the 
member  and  parts  of  the  areas  of  other  holes  on  one  side  of  the  plane,  within  a  distance  of  4  inches, 
and  which  are  on  other  gage  lines  than  those  of  the  holes  cut  by  the  plane,  ihe  parts  being  deter- 
mined by  the  formula: 
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Ml  ~  p/4), 
in  which  A  =  the  area  of  the  hole,  ana 

p  =  the  distance  in  inches  of  the  center  of  the  hole  from  the  plane. 

45.  Long  Span  Bridges. — For  long  span  bridges,  where  the  ratio  of  the  length  to  width  of 
span  u  such  that  it  makes  the  top  chords  acting  as  a  whole,  a  longer  column  than  the  segments  of 
tne  chords,  the  chord  shall  be  proportioned  for  the  greater  length. 

46.  Wind  Stresses. — The  stresBee  in  truss  mecnbers  or  trestle  poeta  from  assumed  wind  fcnn» 
need  not  be  considered  except  as  follows: 

1.  When  the  direct  wind  stresses  per  square  inch  in  any  member  exceed  25  per  cent  of  the 
stresses  due  to  dead  and  live  loads  in  the  same  member.  The  section  shall  then  be  laavaseJ 
until  the  total  unit  stress  shall  not  exceed  by  more  than  25  per  cent  the  maximum  alloualilc 
stress  for  dead  and  live  loads. 

2.  When  the  wind  stress  alone  or  in  coiubination  with  a  possible  temperature  stress  an 
neutralize  or  reverse  the  stresses  in  the  member. 

When  both  direct  and  flexural  stresses  due  to  wind  are  considered  50  per  cent  may  be  addct 
to  allowable  stresseg  for  dead  and  live  loads,  provided  the  area  thus  obtained  is  not  less  than  n- 
quired  for  dead  and  live  loads  alone,  or  for  dead,  live  and  direct  wind  loads  designeil  as  in  S  ^G. 

47.  Combined  Stresses. — Members  subjected  to  direct  and  bending  stresses  shall  be  designcl 
so  that  the  greatest  fiber  stress  shall  not  exceed  the  allowable  unit  stress  on  the  member. 

4S.  Stress  Due  to  Weight  and  Eccentric  Loading. — If  the  fiber  stress  due  to  weight  and 
eccentric  loading  on  any  member  exceeds  10  per  cent  of  the  allowable  unit  stress  on  the  member, 
such  excess  must  be  considered  in  proportionmg  the  member.     See  {  46. 

49.  Counters. — Counters  in  bridges  carrying  electric  cars  shall  be  designed  so  that  an  increix 
of  the  live  load  of  25  per  cent  will  not  increase  the  stress  in  the  counters  more  than  25  per  coii. 

§0.  Desl^  of  Plate  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  d 
inertia  of  their  net  section;  or  by  assumii^  that  the  flanges  are  concentrated  at  their  centers  of 
gravity,  in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  usei 
as  flange  section.  The  thicloiessof  web  plates  shall  be  not  less  than  -ft  in.,  nor  less  than  i/i6a<4 
the  unsupported  distance  between  flange  angles. 

Compression  Flanges. — In  beams  and  plate  girders  the  compression  Raises  shall  have  tk 
same  gross  section  as  the  tt^nsion  flanges.  Through  plate  girders  shall  have  their  top  flani^ 
stayed  at  each  end  of  every  floorbeam,  or  in  case  of  solid  floors,  at  distances  not  exceedini 
12  (t.,  by  knee  braces  or  gusset  plates.  The  stress  persq.  in,  in  compression  flange  of  any  beam  of 
girder  shall  not  exceed  t6,ooo  —  150  Ifb,  where  /  =  unsupported  distance  and  b  ^  width  of  flange. 

51.  Web  Stiffeners. — There  shall  be  web  stiffeners,  generally  in  pairs,  over  bearings,  at  points 
of  concentrated  loading,  and  at  other  points  where  the  thickness  of  the  web  is  less  than  ^  of  the 
unsupported  distance  between  flange  angles.  The  distance  between  stilfeners  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  ux  feet  (and  not  greater  than  the 
clear  depth  of  the  web):  /=  /  (12,000  -  i)/40. 

Whered  —  clear  distance,  between  sliflfeners  of  flange  angles;  (  —  thicknessof  web;  s  =  shear 

Tne  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  by  the  fonnub 
of  paragraph  38,  the  effective  length  beina  assumed  asonc-half  the  depth  of  girders.  End  stilTeners 
and  those  under  concentrated  loads  shall  be  on  fillers  and  have  their  outstanding  legs  as  wide  as 
ihe  flange  angles  will  allow  and  shall  fit  tightly  against  them.  Intermediate  stiffeners  may  br 
offset  or  on  fillers,  and  their  outstanding  legs  shall  be  not  less  than  one-thirtieth  of  the  depth  of 
girder,  plus  3  in, 

52.  Flange  Rivets. — The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufficient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  d^itb 
of  the  girder  at  that  point  comliined  with  any  load  that  is  applied  directly  on  the  flange.  Thf 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  oi'er  three  tics. 

53.  Depth  Itatios. — Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  les 
than  one-twelfth  of  the  sjan.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall  be 
increased  so  that  the  maximum  deflection  will  not  te  greater  than  if  the  above  limiting  ratios  had 
not  been  exceeded.     For  steel  joists  and  track  stringers,  see  §  19. 

.  54.  Low  Trusses. — Riveted  low  trusses  shall  have  top  chords  composed  of  a  double  web  mem- 
ber with  cover  plate.  The  top  chords  shall  be  stayed  against  lateral  bending  by  means  of  bmckeii 
or  knee  bracts  rigidly  connected  to  the  floorbeam  at  intervals  not  greater  than  twelve  times  the 
width  of  the  co\er  plate.  The  posts  shall  be  solid  web  members.  The  floorbeams  shall  be  ri\'eitil. 
preferably  above  the  lower  chord.     Pin-connected  low  truss  bridges  shall  not  be  used. 
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PART  IV.     DETAILS  OF  DESIGN 
General  Rbquirbuents. 
3  shall  be  so  designed  that  all  parts  will  be  accessible  for  in- 

57.  Water  Pockets. — Pockets  or  depreeeiona  which  would  hold  water  shall  have  drain  holes, 
or  be  filled  with  waterproof  material. 

58.  Symmetrical  Sections. — Main  members  shall  be  so  deugned  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  tlie  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  point. 

59.  Cotmters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 
have  riveted  connections  to  the  chorda.     Adjustable  counters  shall  have  open  turn-buckles. 

60.  StfcUgUl  of  Connecdons. — The  strength  of  connections  shall  be  sufhcient  to  develop  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which 
the  member  is  subjected  being  considered. 

61.  Hinimimi  Thickness. — The  minimum  thickness  of  metal  shall  be  A  in.  in  classes  A,  B, 
C,  E|,  E(  and  Ei,  except  for  fillers;  and  i  in.  in  classes  Di  and  Dj,  except  for  fillers  and  wet»  of 
channels.  Webs  of  channels  for  classes  Di  and  Dt  may  ha\-e  a  minimum  thickness  of  o.ao  in. 
The  minimum  angle  shall  be  2  in.  X  3  in.  X  i  in.  The  minimum  rod  shall  have  an  area  of  at 
least  I  sq.  in.,  in  all  classes  except  D|  and  D),  which  shall  have  no  rods  less  than  j  in.  in  diameter. 
Webs  of  plate  girders  shall  not  be  less  than  -fi  in. 

62.  Pitch  of  Rivets. — The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  iii.  for  {-in.  rivets, 
zi  in.  for  1-in  rivets,  and  3  in.  for  j-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for 
members  composed  of  plates  and  shapes  shall  be  16  times  the  thickness  of  the  thinnest  outside 
plate  or  6  in.  For  angles  with  two  gage  lines  and  rivets  sta^ered,  the  maximum  shall  be  twice 
the  above  in  each  line.  Where  two  or  more  plates  are  used  in  contact,  rivets  not  more  than  12  in. 
apart  in  cither  direction  shall  be  used  to  hold  the  plates  well  tt^ther.  In  tension  members  com- 
poaed  of  two  angles  in  contact,  a  pitch  of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

63.  Edge  Distance. — The  minimum  distance  from  the  center  of  an^  rivet  hole  to  a  sheared 
edge  snail  tic  i]  in.  for  j-in.  rivets,  i}  in.  for  {-in.  rivets,  and  i|  in.  for  J-m.  rivets,  and  to  a  rolled 
^gi  >1<  '1  tnd  I  in.,  respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times 
the  thickness  of  the  pbte,  but  sliall  not  exceed  6  in. 

64.  Maximum  Diameter. — The  diameter  of  the  rivets  in  any  ansle  carrying  calculated  stress 
shall  not  exceed  one-rjuartcr  the  width  of  the  leg  in  which  they  are  driven.  In  minor  parts  J-in. 
rivets  may  be  used  in  3. in.  angles,  i-in.  rivets  in  2)-in.  angles,  and  j-in,  rivets  in  2-in.  angles. 

65.  Long  Rivets. — Rivets  carrying  calcubted  stress  and  whose  grip  exceeds  four  diameters 
shall  be  increased  in  number  at  least  one  per  cent  for  each  additional  -fi-in.  of  grip. 

66.  Pitch  kt  Ends. — The  pitch  of  rivets  at  the  ends  of  built  compression  members  shall  not 
exceed  four  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member. 

67.  Com^eulon  Members. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  possible  in  webs  and  flanges.  The  thickness  of  each  web  shall  be  not  less  than  one- 
thirtieth  of  the  distance  between  itsconnections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  than  one-fortieth  of  the  distance  between  rivet  lines, 

6S.  Minlmin^i  An^es. — Flanges  of  girders  and  built  members  without  cover  plates  shall 
have  a  minimum  thjckness  of  one-twelfth  of  the  width  of  the  outstanding  leg, 

69.  Batten  Plates. — The  open  sides  of  all  compression  members  shall  be  stayed  by  batten 
plates  at  the  ends  and  diagonal  lattice-work  at  intermediate  points.  The  batten  plates  must  be 
placed  as  near  the  ends  as  practicable,  and  ^11  have  a  length  not  less  than  the  greatest  width  of 
the  member  or  i}  times  its  least  width. 

70.  Ladng  Bars. — The  lacing  of  compression  members  shall  be  proportioned  to  resist  a  shear- 
ing stress  of  2}  per  cent  of  the  direct  stress.  The  minimum  width  of  lacing  bars  shall  |jc  1}  in. 
for  members  6  in.  in  width.  3  in.  tor  members  9  in.  in  width,  zj  in.  for  members  13  in.  in  width, 
3)  in.  for  metnl>crs  15  in.  in  width,  nor  3  in.  for  members  18  in.  an<l  over  in  width.  .Single  lacinic 
bars  shall  have  a  thickness  not  less  than  onc-forl ieth,  or  double  lacing  l>ars  ronnccte<l  by  a  ri\it 
at  the  Jnteraection,  not  less  than  one-sixtieth  of  the  distance  between  the  rivets  connecting  them 
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to  the  members.  They  shaU  be  mcline<i  at  an  angle  not  lees  than  60'  to  the  axis  of  the  member  for 
single  lacing,  nor  lesa  than  45°  for  double  lacing  with  riveted  intersectioiis. 

71.  Spaang  of  Lacing  Bars. — Lacing  bars  shall  be  90  spaced  that  the  portion  of  the  flange 
included  between  their  connection  shall  be  as  strong  as  the  member  as  a  whole.  The  pilch  d 
(he  lacing  bars  must  not  exceed  the  width  of  the  channel  plus  nine  inches. 

73.  Rivets  in  Flanges. — Fivc-cighths-inch  rivets  shall  be  used  for  lacing  flanges  lesa  than 
3i  In.  wide;  i-in.  for  flanges  from  ij  to  3)  in.  wide;  I'M.  rivets  shall  be  used  in  flanges  3)  in.  and 
over.     Lacing  bars  with  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

73.  Splices. — In  compression  members  joints  with  abutting  faces  planed  shall  be  placed  as 
near  the  panel  points  as  possible,  and  must  be  spliced  on  all  sides  with  at  least  two  rows  of  riveis 
on  each  side  of  the  joint.  Joints  with  abutting  faces  not  planed  shall  be  fully  spliced.  Joints  in 
tension  members  shall  be  fully  spliced. 

74.  Pin  Plates. — Where  necessary,  pin-holes  shall  be  rcinForced  by  plates,  some  of  which 
must  be  of  the  full  width  of  the  member,  so  the  allowed  pressure  on  the  pms  shall  not  be  exceeded, 

'   o  the  stresses  shall  be  properly  distributed  over  the  full  cross-section  of  the  members.      Thea 


reinforcing  plates  must  contain  enough  rivets  to  transfer  their  [)roportion  of  the  bearing  pressure, 
and  at  least  one  plate  on  each  side  shall  extend  not  less  than  6  in.  beyond  the  edge  of  the  nearest 
batten  plate. 

75.  Riveted  Tension  Members. — Riveted  tension  members  shall  have  an  effective  aectkn 
through  the  pin-holes  2S  per  cent  in  excess  of  the  net  section  of  the  member,  and  back  of  the  {'m 
at  least  75  per  cent  of  the  net  section  through  the  pin-hole. 

76.  Pins. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected  upon 
the  turned  body  of  the  pin.  The  diameter  of  the  pin  shall  not  be  less  than  1  of  the  depth  of  any 
eye-bar  attached  to  it.  They  shall  be  secured  by  chambered  Lomas  nuts  or  be  provided  with 
washers  if  solid  nuts  are  used.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads. 

77.  Filling  Rings. — Members  packed  on  pins  shall  be  held  against  lateral  movement. 

78.  B<dts. — Where  metnbers  are  connected  by  bolts,  the  turned  body  of  these  bolts  shall  he 
long  enough  to  extend  through  the  metal.  A  washer  at  least  }  in.  thick  shall  be  used  under  ihr 
nut.  Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.  Heads  and  nuts  shall 
be  hexagonal. 

79.  Indirect  Splices. — Where  splice  plates  are  not  in  direct  contact  with  the  parts  whrh 
they  connect,  rivets  shall  he  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
rehired  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

80.  Fillers. — Rivets  carrying  stress  and  passing  through  fillers  shall  be  increased  50  per  wnt 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

81.  Expansion. — Provision  for  expan^on  to  the  extent  of  )  in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  prevent  excessi\-e  motion  at  any 
one  point  (I33). 

82.  Expansion  Bearings. — Spans  of  60  ft,  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end;  and  those  of  less  length  shall  be  arranged  to  slide  on  smooth  metal 
surfaces. 

83.  Fixed  Bearings. — Movable  bearings  shall  be  designed  to  permit  motion  in  one  direction 
only.     Fixed  bearings  shall  be  firmly  anchored  to  the  masonry  (|  87). 

64.  Rollers. — Expansion  rollers  shall  be  not  less  than  3  in.  in  diameter  for  spans  of  100  feet 
or  less,  and  shall  be  increased  t  in.  for  each  100  ft.  additional.  They  shall  be  coupled  together 
with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be  readily  cleaned. 

85.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  o\'«' 
the  entire  bearing. 

86.  Pedestals  and  Bed  Plates. — Built  pedestals  shall  be  made  of  plates  and  angles.  All 
bearing  surfaces  of  the  base  plates  and  vertical  webs  must  be  planed.  The  vertical  webs  must  be 
secured  to  the  base  by  angles  having  two  rows  of  rivets  in  the  vertical  legs.  No  base  plate  or  vtb 
connecting  angle  shall  be  less  in  thickness  than  j  in.  The  vertical  webs  shall  be  of  sufficient  he^hl 
and  must  contain  material  and  rivets  enough  to  practically  distribute  the  loads  over  the  bearings 

Where  the  size  of  the  pedestal  permits,  the  vertical  webs  must  be  r^dly  connected  trans- 
versely. 

The  details  of  cast  iron  or  cast  steel  shoes  shall  be  subject  to  the  special  approval  of  (be  cs- 
ginecr.  The  vertical  webs  of  cast  iron  rockers  and  pedestals  shall  be  designed  for  an  allowabk 
unit  stress  of  9,000  —  40.7r,  where  h  -  height  and  r  —  radius  of  gyration  of  vertical  web,  both 
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87.  All  the  bed-pUtes  aod  bearings  under  fixed  and  movable  endi  must  be  fox-bolted  to  the 
masonry;  for  trusses,  these  bolta  must  Dot  be  less  than  i]  in.  diameter;  for  plate  and  other  girdecs, 
not  less  than  ]  in.  diameter. 

88.  Wall  Plates. — Wall  plates  ma^  be  cast  or  built  up;  and  shall  be  so  dewgned  as  to  distrib- 
ute the  load  uniformly  over  the  entire  bearing.    They  shall  be  secured  against  displace - 

rag«. — Anchor  r    ■     "       ■ 
»  of  masonry  tl 

90.  Inclined  Bearings. — Bridges  an  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  expanuoD  eunaces  may  be  level. 

91.  Camber. — Truss  spans  shall  be  given  a  camber  by  making  the  panel  length  of  the  top 
chords,  or  their  horiiontal  projections,  longer  than  the  corresponding  panels  of  the  bottom  chord 
in  the  proportion  of  A  *"■  "•  10  f^-     Plate  girder  spans  need  not  be  cambered. 

92.  ^ft-bars. — The  eye-bars  compomng  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
poauble,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

PART  V.    MATERIALS  AND  WORKMANSHIP. 
Material. 

93.  Process  of  Hanofactura. — Steel  shall  be  made  by  the  open-hearth  process  and  shall 
comply  with  the  standard  specifications  for  structural  steel  for  bridges  adopted  by  the  American 
Society  for  Testing  Materials. 

(Sections  94  to  117  inclusive  cover  the  American  Society  for  Testing  Materials  Specifications 
for  Steel  for  Bridges,  see  Ketchum's  Structural  Engineer's  Handbook). 

118.  "nmher. — The  timber  shall  be  strictly  first-class  spruce,  white  pine,  I>ouglas  fir,  Southern 
yellow  pine,  or  white  oak  bridge  timber;  sawed  true  and  out  of  nincl,  full  size,  free  from  wind 
shakes,  ia^  or  loose  knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its  strength 
cr  durability. 

WoRKUANSBIP. 

119.  General. — All  parts  forming  a  structure  sh^ll  be  built  in  accordance  with  approved 
drawings.     The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modem  bridge  works. 

lao.  Straightening  Material. — Material  shall  be  thoroughly  straightened  in  the  ^op,  by 
methods  that  will  not  mjure  it,  before  being  kid  off  or  worked  in  any  way. 

Ill,  Knlsh. — Shearing  shall  be  neatly  and  accurately  done  and  all  portions  of  the  work 
exposed  to  view  neatly  finished. 

IZ2.  Size  of  Rivets. — The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  size  of  the  cold  rivet  before  heating. 

133.  RiTSt  Holes.—'When  general  reaming  is  not  required  the  diameter  of  the  punch  shall 
not  be  more  than  A  in.  greater  than  the  diameter  of  the  rivet ;  nor  the  diameter  of  the  die  more 
than  i  in.  greater  than  the  diameter  of  the  punch.  Material  more  than  i  in.  thick  shall  be  sub- 
punched  and  reamed  or  drilled  from  the  solid. 

124.  Punchinc. — All  punching  shall  be  accurately  done.  I>rifting  to  enlarge  unfair  holes 
will  not  be  allowed.  If  tne  holes  must  be  enlarged  to  admit  the  rivet,  they  shall  be  reamed. 
Poor  matching  of  holes  will  be  cause  for  rejection. 

135.  Sub-pnnchlng  and  Reaming. — Where  reaming  is  required,  the  punch  used  shall  have  a 
diameter  not  less  than  A  >n.  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  -ff  in.  larger  than  the  nominal  diameter  of  the  rivet.  All 
reaming  shall  be  done  with  twist  drills,     (j  140). 

ia6.  Reaming  After  Assembling. — When  general  reaming  is  required  it  shall  be  done  after 
the  pieces  forming  one  built  member  arc  assembled  and  firmly  bolted  together.  If  necessary  to 
take  the  pieces  apart  for  shipping  and  handling,  the  respective  pieces  reamed  together  shall  be 
BO  marked  Chat  they  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change of  reamed  parts  will  be  allowed. 

127.  Edge  Planing. — Sheared  edges  or  ends  shall,  when  required,  be  planed  at  least  i  in. 

128.  Bam. — The  outside  burrs  on  reamed  holes  shall  be  removed. 

129.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  suriaces  to  be  painted. 

130.  Ladiig  Bars. — Lacing  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

131.  Web  StUfeners.— Stiffeners  shall  fit  neatly  between  Ranges  of  girders.  Where  tight 
fits  are  called  for,  Che  ends  of  the  stiffeners  shall  be  faced  and  ahall  be  brought  to  a  true  contact 
bearing  with  the  flat^e  angles. 
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132.  SlOice  plates  and  Ffflers.— \Veb  Bplice  plates  and  fillers  under  rtiffeners  shall  be  cut  to 
fit  wiltlin  i  in.  of  Range  angke. 

133-  Web  Plates. — Web  plates  of  girders,  which  have  no  cover  i^tes,  shall  be  flush  with 
the  backs  o[  angles  or  project  above  the  same  not  more  than  1  in.,  unless  otherwise  called  for. 
When  web  plates  are  spliced,  not  more  than  i  in.  clearance  between  ends  of  plates  will  be  allowed. 

134.  Connection  Angles.^Connection  angles  for  floorbeams  and  stringers  shall  be  flu^ 
with  each  other  and  correct  as  to  potitionand  length  of  girder.  In  case  milling  (of  all  such  andes) 
is  needed  or  is  required  after  riveting,  the  removal  of  more  than  ft  in.  from  their  thickness  will  be 
cause  for  rejection. 

135.  Rivets. — Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic 
hammers  shall  be  used  in  preference  to  hand  driving. 

136.  Kiveting.^Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and 
of  equal  size.  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupfrine 
and  calking  will  not  be  nllowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  ana 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  they  shall  be  drilled  out. 

137.  Turned  Bolts.— Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  X  in. 
thick  shall  be  used  under  nut. 

138.  Members  to  be  Straight.— The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joinis. 

139.  Finish  of  Joints. — Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints,  depending  on  contact 
bearing,  ihe  surfaces  shall  he  truly  faced,  so  as  to  hax-e  even  bearings  after  ihey  are  riveted  up 
complete  and  when  perfectly  aligned. 

'  140.  Field  ConnectionB. — Holes  for  floorbeam  and  stringer  connections  shall  be  sub-punched 
and  reamed  according  to  paragraph  125,  to  a  steel  templet  one  inch  thick.  (If  required,  all 
other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled  in  the  shop 
and  the  unfair  holes  reamed ;  and  when  so  reamed,  the  pieces  shall  be  match-marked  before  bcin;; 
taken  apart.) 

141.  Eye-bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  tn-ists,  fclils 
in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forging. 
Welding  will  not  be  allowed.  The  form  of  heads  will  be  determmed  by  the  dies  in  use  at  ihf 
works  where  the  eye-bars  arc  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head  and 
neck  shall  not  vary  more  than  -^  in.  from  that  specified. 

143.  Boring  Eye-bars. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  care- 
fully straightened.  I'in-holes  shall  be  in  the  center  line  of  bars  and  m  the  center  of  heads.  Bare 
of  the  same  k'n^th  shall  be  bored  so  accurately  that,  when  placed  together,  pins  ^  in.  smaller  in 
ilijmeler  tlKiii  the  pin-hules  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
lime  without  forcing, 

143.  Pin-Holes. — Pin-holes  shall  be  bored  true  to  gages,  smooth  and  straight;  at  right  angli^ 
to  the  axis  of  the  mcnilier  and  ]>arallcl  to  each  other,  unless  otherwise  called  for.  The  boring  shall 
be  done  after  the  member  is  riveted  up. 

144.  Variatioa  Jo  Rn-Holes.— The  distance  center  to  cen 
within  ^  in.,  and  the  diameter  of  the  holes  not  more  than  ^g  ii 
pins  up  to  5-in.  diameter,  and  j'j  in.  for  latter  pins. 

145.  Kns  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

146.  Screw  Threads. — &:rew  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  V.  ?. 
standard,  except  above  the  diameter  of  1  j  in.,  when  they  shall  be  made  with  six  threads  per  inch- 

147.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
jiropcrly  annealed, 

148.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

149.  Welds, — Welds  in  steel  will  not  be  allowed  except  to  remedy  minor  defects  in  steel 
castings. 

150.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plat« 
shall  l>c  planed  top  and  bottom.     The  cut  of  the  planing  tool  shall  correspond  with  the  directkir 

I  driving  nuts  shall  be  rurnislicd  for  each  size  of  pin,    in   suck 
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152.  Field  Birets. — Field  rivets  shall  be  furnished  to  the  amount  o(  15  per  cent  plus  ten 
rivets  in  excess  □(  the  nominal  number  required  for  each  size. 

153.  Shipping  Details.— Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 

154.  Weight. — The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

155.  Weif^t  Paid  For. — The  payment  for  ^und  price  contracts  ^all  be  based  on  scale 
weights  of  the  metal  in  the  fabricated  structure,  mcluding  field  rivets  15  per  cent  plus  10  rivets 
in  excess  of  the  number  nominally  required.  The  weight  of  the  shop  coat  of  paint,  field  paint, 
cement,  fitting  up  bolts,  pilot  nuts,  driving  caps,  boxes  and  barrels  used  tor  packing,  and  material 
used  in  supporting  members  on  cars  shallbe  excluded.  If  the  scale  weight  is  more  than  2)  per 
cent  under  (he  computed  weight  it  may  be  cause  for  rejection.  The  greatest  allowable  variation 
of  the  total  scale  weight  of  any  structure  from  the  weights  computed  from  the  approved  shop 
drawings  shall  be  :i  per  cent.  Any  weight  in  excess  of  ij  per  cent  above  the  computed  weight 
shall  not  be  paid  tor.  The  weights  of  rolled  shapes  and  plates  up  to  and  including  36  in.  in  nidth 
shall  be  computed  on  the  basis  of  their  normal  weights  and  dimensions,  as  shown  on  the  approved 
drawing,  deducting  for  all  copes,  cuts  and  open  holes.  With  plates  more  than  16  in.  in  width, 
the  weights  are  to  be  calculated  in  the  same  manner  as  for  pbtes  36  in.  and  under,  except  that 
one-half  the  percentage  of  overrun  given  in  the  Standard  Specifications  for  Structural  Steel  for 
Bridges  of  the  American  Society  for  Testing  Materials  shall  be  added.  The  weight  of  heads  of 
shop  driven  rivets  shall  be  included  in  the  computed  weight.  The  weights  of  castings  shall  be 
computed  from  the  dimensions  shown  on  the  approved  drawings,  with  an  addition  of  10  per  cent 
for  fillets  and  overrun. 

SHOP  PAINTING. 

156.  CTeaning. — Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  {pven 
one  good  coating  of  pure  linseed  oil,  or  such  paint  as  may  be  called  for,  well  worked  into  all  joints 
and  open  spaces. 

157.  Contact  Surfaces. — In  ri\-eted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  being  riveted  together. 

158.  InaccesabU  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts 'and  chonis,  etc.,  shall  nave  a 
good  coat  of  paint  before  leaving  the  shop. 

159.  Conditloii  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal  is 
perfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

160.  Hachine-finisbed  Surfaces. — Machine- finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  lieing  put  out  into  the  open  air. 

INSPECTION  AND  TESTING  AT  THE  SHOP  AND  MILL. 

161.  FacilitieB  for  Shop  InspectJon. — The  manufacturer  shall  furnish  all  facilities  lor  inspecting 

'  '  ;3  manufactured. 

162.  Starting  Work  in  Shop. — The  purchaser  shall  be  notified  well  in  advance  of  the  start 
of  the  work  in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  materbl  and 
workmanship. 

163.  Coines  o(  Hill  Orders. — The  purchaser  shall  be  f  umirfied  complete  copies  of  mill  orders, 
and  no  material  shall  be  rolled,  nor  work  done,  before  the  purchaser  has  been  notified  where  the 
orders  have  been  placed,  so  that  he  may  arrange  for  the  inspection. 

164.  Fadlitiea  for  HiH  Inspection. — The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  il  is  manufactured.  He  shall 
fumbh  a  suitable  testing  machine  for  testing  the  specimens,  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

165.  Access  to  Mills.— ^\'hen  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  themills,  he  shall  hav-e  full  access,  at  all  times,  toallpartsof  mills  where  material  to  be  inspected 
by  him  is  being  manufactured. 

166.  Access  to  Shop. — ^When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 
access,  at  all  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu- 
factured. 

167.  Accepting  Material  or  Work. — The  inspector  shall  stamp  each  piece  accepted  with  a 
private  mark.  Any  piece  not  so  marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the 
work.  If  the  inspector,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which 
is  defective  or  contrary  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion, 
may  be  rejected  by  tlie  purchaser. 
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168.  Shop  Pkiw.— The  purchawr  shall  be  furnished  complete  shop  plans  (S  13)- 

169.  Ship^ng  Invmcea. — Complete  copies  o(  shipping  invoices  shall  be  furnished  to  the 
purchaser  with  each  Ehipment. 

FULL-SIZED  TESTS. 

170.  Test  to  Prove  Workmanship. — Full-sized  tests  on  eye-bars  and  similar  inembers,  ta 


prove  the  workmanship,  shall  be  made  at  the  manufacturer's  exUeoBe,  and  shall  be  paid  for  b)' 
the  purchaser  at  contract  price,  if  the  tests  are  satisfactory;     If  the  te 
members  represented  by  them  will  be  rejected. 


atisfactory,  the 


..  .  Eye-bai  Tests. — In  eye-bar  tests,  the  fracture  shall  be  silky,  the  elongation  in  10  ft., 
including  the  fracture,  shall  be  not  less  than  15  per  cent;  and  the  ultimate  strength  and  true 
elastic  limit  shall  be  recorded  ({  141). 

ERECTION. 

173.  If  the  contractor  erects  the  bridge  he  shall,  unless  otherwise  specified,  furnish  all  staging 
and  falsework,  erect  and  adjust  all  metal  work,  and  shall  frame  and  put  in  place  alt  floor  timben, 
guard  timbers,  trestle  timbers,  etc.,  complete  ready  for  traffic. 

The  contractor  shall  put  in  place  all  stone  bolts  and  anchors  for  attaching  the  steel  work  to 
the  masonry.  He  shall  drill  all  the  necessary  holes  in  the  masonry,  and  set  all  bolts  with  neai 
Portland  cement. 

173.  Field  rivets  shall  preferably  be  driven  by  pneumatic  riveters  of  approved  make.  .A 
pneumatic  bucker  shall  be  used  with  a  pneumatic  riveter.  Splices  and  field  connections  shall  haw 
50  per  cent  of  the  holes  filled  with  bolts  and  drift  pins  (of  which  one-fifth  shall  be  drift  pins) 
before  riveting.  Splices  and  connections  carrying  traffic  during  erection  shall  have  75  per  cent 
of  the  holes  so  filled.  Rivets  in  splices  of  compression  chords  shall  not  be  driven  until  ttie  abutiiitf 
surfaces  have  been  brought  into  contact  throughout,  and  submitted  to  full  dead  load  stress.  Fidd 
riveting  shall  be  done  to  the  satisfaction  of  the  engineer. 

The  fence  may  be  field  bolted,  all  other  connections  shall  be  field  riveted. 

174.  The  erection  will  also  include  all  necessary  hauling  from  the  railroad  station,  the  un- 
loading of  the  materials  and  their  proper  care  until  the  erection  is  completetl. 

175.  Whenever  new  structures  arc  torcplaceexistingoncs,  the  latter  are  to  be  carefully  taken 
down  and  removed  by  the  contractor  to  some  place  where  the  material  can  be  hauled  away. 

176.  The  contractor  shall  so  conduct  his  work  as  not  to  interfere  with  tralHc,  interfere  vilh 
the  work  of  other  contractors,  or  close  any  thoroughfare  on  land  or  water. 

177.  The  contractor  shall  assume  all  risks  of  accidents  and  damages  to  fiersons  and  propeitia 
prior  to  the  acceptance  of  the  work. 

178.  The  contractor  must  remove  all  falsework,  piling  and  other  obstructions  or  unsightly 
material  produced  by  his  operations. 

PAINTING  AFTER  ERECTION. 

179.  After  the  bridee  is  erected  the  metal  work  shall  be  thoroughlycleanedof  mud,  grease  or 
other  material,  then  be  tTloroughly  and  evenly  painted  with  two  coats  of  paint  of  the  kind  specified 
by  the  engineer,  mixed  with  Imsced  oil.  All  recesses  which  may  retain  water,  or  through  which 
water  can  enter,  must  be  filled  with  thick  paint  or  some  waterproof  cement  before  the  final  painting. 
The  different  coats  of  paint  must  be  of  distinctly  different  shades  or  colors,  and  one  coat  mua 
be  allowed  to  dry  thoroughly  before  the  second  coat  is  applied.  All  painting  shall  be  done  -with 
round  brushes  of  the  best  qualitj'  obtainable  on  the  market.  The  paint  shall  be  delivered  on  the 
work  in  the  manufacturer's  original  packages  and  be  subject  to  inspection.  If  tests  made  by  the 
inspector  shows  that  the  paint  is  adulterated,  the  paint  will  be  rejected  and  the  contractor  shaD 
pay  the  cost  of  the  analyses,  and  shall  scrape  off  and  thoroughly  clean  and  repaint  all  material 
that  has  been  painted  with  the  condemned  paint.  The  paint  shall  not  be  thinned  with  anythini 
whatsoever;  in  cold  weather  the  paint  may  be  thinned  by  heating  under  the  direction  of  the 
inspector.  No  turpentine  nor  benzine  shall  be  allowed  on  the  work,  except  by  the  permis^cMi  of 
the  inspector,  and  in  such  quantity  as  he  shall  allow.  The  inspector  shall  be  notified  when  an; 
painting  is  to  be  done  by  the  contractor,  and  no  painting  shall  be  done  until  the  inspector  h^ 
approved  the  surface  to  which  the  paint  is  to  be  applied.  Paint  shall  not  be  applied  out  (rf  docn 
in  freezing,  rainy,  or  misty  weather,  and  all  surfaces  to  which  paint  is  to  be  apj)lied  shall  be  dry, 
clean  and  warm.  In  cool  weather  the  paint  may  be  thinned  by  heating,  and  this  may  be  requirtd 
by  the  inspector. 
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MILO  S.  KETCHUM, 
M.  Am.  Soc.  C.  E. 

1930 

PART  1.     DESIGN. 

General  Description. 

I.  Classes. — BriHgM  under  these  specifications  are  divided  into  five  classes  as  follows: 

Class  A.— For  city  traffic. 

Cla39  Di. — For  country  roads  with  heavy  traffic. 
Class  D], — For  country  roads  with  lijjht  traffic. 
Class  El. — ^For  heavy  electric  cars  only. 
Class  Ej. — For  medium  electric  cars  only. 

a.  Tjpea.— Concrete  bridges  may  be  divided  according  to  design  into  (l)  circular  and  box 
culverts:  (2)  slab  bridges;  (3)  deck  beam  bridges;  (4)  through  girder  bridges;  (5)  arch  bridges: 
(6)  viaducts,  and  (7)  trestles. 

3.  Types  of  concrete  structure  should  preferably  be  selected  as  follows: 
Box  culverts  up  to  14  ft.  span. 
Slab  bridges  from  14  ft.  to  34  ft.  span. 
Girder  bridges  from  34  (t.  to  65  ft. 
Arches  from  6  ft.  up. 
Arches,  except  for  very  short  spans,  should  not  be  used  unless  the  foundations  are  solid  rock  or 
other  materials  in  which  settlement  will  not  occur. 

Slab  and  girder  bridges  shall  be  cambered  one-twentieth  inch  per  foot  of  span. 


4.  Roadways. — Minimum  clear  widths  of  roadway  shall  be  provided  as  follows: 

Class  A  Bridf^es. — -.'\s  required  by  the  traffic  which  is  commonly  not  less  than  30  feet. 

Class  D,  Bridges. — For  bridges  and  culverts  with  spans  of  10  ft.  and  less,  24  ft.  roadway. 


bridges  with  spans  of  10  to  60  ft.,  20  fl,  roadway;   bridges  over  60  ft.  span,  18  ft,  roadway. 

Class  D,  Bridjei.— For  bridges  and  culverts  with  spans  of  10  ft.  and  less,  20  ft.  roadway; 
bridges  with  spans  of  10  to  60  ft.,  ifl  ft.  roadway;  bridges  over  60  ft.  span,  16  ft.  roadway. 

Culverts  under  fills  shall  have  a  length  of  barrel  that  will  give  a  top  width  of  not  less  than 
30  ft.  with  side  slopes  of  i  i  horizontal  to  i  vertical. 

PART  II.    LOADS. 

5.  Dead  Load.— The  dead  load  shall  include  the  «-eight  of  the  structure  comjJete,  including 
pavement  and  other  wearing  surface.  In  computing  the  dead  load  the  following  unit  weights 
shall  be  used:  Steel,  490  lb.  per  cu.  ft.;  concrete,  plain  or  reinforced,  150  lb,  per  cu.  ft.;  earth 
fill,  100  lb.  per  eu.  ft.;  gravel,  125  lb.  per  cu.  ft.;  stone  or  gravel  maeatlam,  140  lb.  per  cu.  ft.; 
brick,  150  lb.  per  cu.  ft.;  granite  pa^dng,  160  lb.  per  cu.  ft.;  oak  or  other  hard  woods,  4)  lb.  per 
board  foot;  pme  or  fir,  3!  lb.  per  board  foot;  creosoled  pine  or  fir.  4)  lb,  per  board  foot.  The 
rails,  splices  and  guard  timbers  for  electric  railways  shall  be  assumed  to  weigh  not  less  than  100 
lb.  per  lineal  foot  of  track. 

6.  live  Loads. — The  bridges  of  the  different  classes  shall  be  designed  to  carry  in  addition  to 
the  dead  load,  a  moving  load,  either  uniform  or  concentrated,  or  both,  as  specified  below,  placed 
so  as  to  give  maximum  stresses. 

7.  Ctass  A.  For  Cily  Traffit. — For  the  floor  and  its  supports,  on  any  part  of  the  roadway 
or  on  each  of  the  street  car  tracks,  a  concentrated  load  of  21  Ions  on  two  axles  10  ft.  centers  and 
5  ft.  gage  (assumed  to  occupy  a  width  of  12  ft,  for  a  single  line  and  21  ft.  for  a  double  line),  and 
upon  the  remaining  portion  of  the  floor  a  load  of  12^  lb.  per  <iq.  Ft.,  and  a  concentrated  motor  truck 
load  as  for  class  Di.  Sidewalks  are  to  be  designed  for  a  live  load  of  100  lb.  per  sq.  ft.  Girders 
are  to  be  designed  for  a  load  of  1,800  lb.  per  lineal  foot  on  each  track  and  also  a  uniform  load  of 
125  lb.  per  sq.  ft.  on  remaining  floor  surface. 

*To  accompany  "General  Specifications  for  Construction  of  a  Highway  Bridge,"  Chapter 
XXIV,  page  430. 
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8.  Class  Di-  For  Country  BfviS'^  ^h  Hetaiy  Tra^.—Tot  the  floor  and  its  Eupports,  a 
load  of  125  lb.  per  sq.  ft.  of  to(a\  floof  surface  or  a  ao-ton  motor  truck  with  axles  spaced  13  fL 
and  wheels  6-ft.  centers,  with  14  tons  00  rear  axle  and  6  tons  on  front  axle.  The  truct  to  occupy 
a  space  10  ft.  wide  and  32  ft.  long.     The  rear  wheels  to  have  a  width  of  20  in. 

Girders  are  to  be  designed  lor  a  uniform  live  load  of  125  lb.  per  sq.  ft. 

9.  Class  D|.  For  Country  Roads  ivith  Light  Tragic. — For  the  floor  and  its  supports,  a  kod 
of  100  lb.  per  s>^.  ft.  o(  total  Door  surf  ace  or  a  15-ton  motor  truck  with  axles  spaced  10  It.  and  wheels 
6-(l.  centers,  with  10  tons  on  the  rear  axle  and  g  tons  on  the  front  axle.  The  truck  to  occupy 
a  space  10  (t.  wide  and  30  ft.  long.     The  rear  wheels  to  have  a  width  of  15  in. 

Girders  arc  to  be  designed  for  a  uniform  live  load  of  100  lb,  per  sq.  ft. 

10.  Class  El.  For  Heavy  Electric  Cars  Only. — On  each  track  a  series  of  concentrations  con- 
sisting of  two  pairs  of  (rucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  lieing  spaced  15  ft.  centers.  The 
axles  are  each  loaded  with  a  load  of  40,000  lb.  making  a  total  of  160,000  lb.  for  each  car.  Or  a 
uniform  load  of  6,000  lb.  per  lineal  foot  on  each  car  track  up  to  50  ft.,  reduced  to  5,000  lb.  for  100 
ft.  and  over,  and  proportionately  for  intermediate  spans. 

11.  Class  E],  For  Medium  Electric  Cars  Only. — On  each  track  a  series  of  concentratiMJi 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  disionct 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  Tbc 
axles  are  each  loaded  with  a  load  of  25,000  lb.  making  a  total  of  100,000  lb.  for  each  car,  or  a 
uniform  load  of  3,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  3,000  lb.  per  linrd 
foot  for  spans  of  100  ft.  and  over,  and  proportionately  for  intermediate  spans. 

12.  Distribution  of  Concentrated  Loads.— The  distribution  of  concentrated  loads  on  concmc 
structures  shall  be  calculated  as  follows: 

(a)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concrete 
slabs  carried  on  longitudinal  girders  shall  be  calculated  by  the  formula 

t'2{l-\-c)li  1,1 

with  a  maximum  limit  of  6  ft.  for  e,  where  e  =  effective  width  {distance  that  the  load  may  k 
considered  as  uniformly  distributed  on  a  line  down  the  middle  of  the  slab  parallel  to  the  supports,, 
I  =  span,  and  e  —  width  of  tire  of  wheel,  all  distances  in  feet.     See  Fig.  i. 

\    \     '■-   It  ■       .''11  I  i    \  *  .  /    I  ! 

I  I  -    /h  \   \  I  1 -^K       ; 

j_i /  \ 1_|  j_!_^:^ A U 

Fig.  1.  Fic.  2. 

(ti)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concivtr 
slabs  with  transverse  girders  shall  be  calculated  by  the  formula 

e  =  2(/3  -I-  c  (.. 

with  a  maximum  limit  of  6  ft.  for  c,  where  e  —  effective  width,  (  =  span,  and  (  =  width  of  ti-i 
of  wheel  as  dolined  in  paragraph  (u).     See  Fig.  2, 

(c)  The  distribution  of  concenirated  wheel  loads  for  bending  moments  in  slabs  of  girder 
bridges  in  which  the  span  of  the  briilee  is  not  less  than  the  width  of  bridge  center  tocenterot 
girders,  shall  be  calculated  for  spans  of  ■}  ft.  or  over  by  the  formula 

.  -  '111  LV 

with  a  maximum  limit  of  f  =  12  ft.,  where  e  -  effective  width,  and  I  =  span  as  delincMJ  in  pan- 
graph  (a). 

(d)  The  effective  width  tor  shr.ir  in  Iw^ams  rarrvir 
s;i"ir,T:<<ir  landing  momeni  ,is  r.ilriilated  hv  formula  (ll 
width  of  3  it.  and  :i  ma.\imnm  cffeclivi:  width  of  6  it. 
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z  (pure)  shear. 
beam  shear  {a 
e  of  diagonal  tension),  for  effective  widths  between  3  ft.  and  4.5  ft.  the  total  shear  shall  be 
divided  proportionally  between  punching  shear  and  beam  shear.  Beam  shear  shall  be  used  in 
calculating  bond  stress  and  as  a  measure  of  diagonal  tension. 

(e)  In  the  design  of  longitudinal  joists  or  stringers  with  concrete  floors,  the  fraction  of  the 
concentrated  load  carried  by  one  stringer  for  spacings  6  ft.  or  less  will  be  taken  equal  to  the 
stringer  spacing  in  fe«t  divided  by  6  ft.;  with  plank  Boors  the  fraction  of  the  concentrated  load 
carried  by  one  stringer  for  spacings  4  ft.  or  less  will  be  taken  ei^ual  to  the  stringer  spacing  divided 
by  4  ft.,  the  maximum  in  each  case  being  the  full  load.  Outside  stringers  are  to  be  designed  for 
the  same  load  as  interior  stringers. 

{/ )  In  the  design  of  transverse  stringers  or  floorbeams  with  concrete  floors,  the  fraction  of 
the  concentrated  load  carried  by  one  lloorbeam  for  floorbeams  spaced  6  ft.  or  less,  will  be  taken 
equal  to  the  doorbcam  spacing  divided  by  6  ft.  For  floorbeams  spaced  6  (t.  or  over  the  entire 
reactions  are  assumed  as  carried  by  one  floorbeam.  A.de  loads  are  assumed  as  distributed  on  a 
line  12  ft.  long. 

13.  Wind  Load. — -Wind  pressure  on  bridges  shall  be  assumed  at  30  lb.  per  scj.  ft.  on  the 
greatest  vertical  projection  of  the  bridge  with  a  minimum  wind  load  of  300  lb.  per  lineal  foot  for 
all  classes.  Bridges  carrying  electric  cars  shall  be  assumed  to  carry  when  loaded,  a  wind  load  of 
30  lb.  per  sq.  ft.  on  the  greatest  vertical  projection  of  the  structure  and  also  a  wind  load  of  400  lb. 
per  lineal  foot,  applied  7  ft.  above  the  Ixise  of  rail  considered  us  a  moving  toad. 

Trestle  or  liaduct  towers  shall  be  calculated  for  wind  loads  as  given  for  bridges,  and  also 
a  wind  load  of  100  lb.  for  each  vertical  lineal  foot  of  trestle  or  \iaduct  bent. 

Where  wind  stresses  are  added  to  dead  and  live  load  stresses  the  allowable  unit  stresses  for 
dead  and  live  loads  may  tic  increased  25  ycr  cent. 

14.  Temperature  Stresses. — Reinforced  concrete  arches,  frames  and  other  restrained  strtic- 
tures  shall  bcdcsigncd  for  a  variation  in  temperature  of  80  degrees  F.  When  temperature  stresses 
arc  added  to  dead  and  live  load  stresses  the  allowable  unit  stresses  (or  dead  and  live  loads  may 
Lie  increased  25  per  cent. 

15.  Centrifusal  Force  of  Train. — Structures  on  cur 
force  of  the  live  load  acting  at  the  top  of  the  rail.  The  a 
formula 

C  -  0.03WD 

where  C  =  centrifugal  force  in  pounds,  D  =  degree  of  curvature;   and  W  —  weight  of  train 
pounds. 

16.  Ltnigitudiiud  Forcea. — The  effect  of 
The  coefficient  of  friction  of  wheels  sliding  o 

PART   III.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 

17.  Unit  StresBes. — All  parts  of  the  structure  shall  be  proportioned  so  that  maximum  stresses 
shall  not  exceed  the  following; 

18.  Impact. — (a)  For  concrete  arches  with  spandrel  filling  or  culverts  with  a  minimum 
filling  of  one  foot,  no  allowance  for  impact. 

\b)  For  concrete  slab  and  girder  bridges  and  trestles  and  arches  without  spandrel  filling,  30 
per  cent  for  impact. 

(c)  For  steel  bridges  the  following  allowance  For  impact. 

For  the  floor  and  its  supports  including  floor  slabs,  floor  joist,  floorbeams  and  hangers,  30 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  impact  increment  shall  be 
/  —  100/{L  +  300),  where  L  =  length  of  span  for  simple  highway  sjans  (for  trestle  tients.  lowers, 
movable  bridges,  arch  and  cantilever  bridges,  and  for  bridges  carrying  electric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

Impact  shall  not  be  added  to  stresses  prodinred  by  longitudinal,  centrifugal,  lateral  or  wind 
forces,  or  temperature  stresses. 

19.  Calculatioii  of  Stresses. — The  following  assumptions  are  to  be  used  as  a  basis  for  calcu- 

I.  Cak:ulations  are  to  be  made  with  reference  to  working  stresses  and  safe  loads. 

3.  A  plane  section  before  bending  remains  plane  after  bending. 

3.  The  modulus  of  elasticity  of  concrete  in  compression  is  constant,  and  the  distribution  of 
stresses  in  beams  is  rectilinear. 

4'  In  cafculating  the  moment  of  resistance  in  beams  the  tensile  stresses  in  the  concrete  are 
n^lected. 
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5.  Adhesion  between  concrete  and  ^^"""cing  sieel  is  assumed  as  perfect,  the  two  materiak 
being  aasumed  as  stresaed  in  proportion  to  their  moduli  o(  elasticity. 

6.  The  ratio  of  the  modulus  of  elasticity  of  steel  to  the  modulus  of  elaBticity  of  ooocrete  i^ 
taken  as  15. 

7.  Initial  stress  in  reinforcement  due  to  contraction  of  the  concrete  la  neglected. 

20.  Lengths  of  Span. — The  span  length  of  girders,  beams,  and  slabs  simply  supported  shall 
be  taken  as  the  distance  from  center  to  center  of  supports,  but  need  not  be  taken  to  exceed  the 
clear  span  plus  the  depth  of  beam  or  slab.  For  continuous  or  restrained  beams  the  span  length 
may  be  taken  as  the  clear  distance  between  faces  of  supports.  Where  monolithic  brackets  are 
used  the  face  of  the  support  may  be  taken  as  that  point  where  the  combined  depth  of  beam  and 
bracket  are  one-third  greater  than  the  depth  of  beam  at  the  center  of  the  span.  The  reduction 
in  the  length  of  span  where  brackets  are  used  shall  in  no  case  be  more  than  one-tenth  the  span 
where  a  tn^cket  is  used  at  one  end,  or  two-tenths  the  span  where  brackets  are  used  at  both  cods 
of  the  beam  or  girder.  Maximum  negative  moments  are  assumed  as  existing  at  the  end  of  the 
span  as  defined  above. 

For  calculating  stresses,  the  span  of  a  concrete  arch  shall  be  taken  as  the  span  of  the  neutral 
axis  of  the  arch  ringi  and  the  rise  of  the  arch  shall  be  taken  as  the  distance  from  the  line  connecting 
the  ends  of  the  neutral  axis  to  the  neutral  axis  at  the  crown. 

The  actual  span  and  rise  of  an  arch  shall  be  taken  as  the  clear  distance  between  springing 
lines  and  the  dear  rise  to  the  intrados  of  the  arch. 

31.  Bending  Moments. — For  ^mple  beams  the  moments  due  to  external  loads  shall  be  cako- 
lated  by  the  usual  methods;  for  p^ially  continuous  beams  the  maximum  positi\-e  beadkg 
moment  near  the  center  and  the  maximum  negative  bending  moment  at  the  end  of  the  beam  shall 
be  taken  as  -^  the  maximum  positive  moment  in  a  dmple  beam;  for  continuous  beams  tlie 
maximum  positive  bending  moment  at  or  near  the  center  of  the  beam  and  the  maxiniuin 
negative  bending  moment  at  the  end  of  the  span  shall  be  taken  at  -fj  the  maximum  posdve 
moment  in  a  simple  beam. 

For  spans  of  unusual  or  unequal  length,  or  spans  carrying  heavy  concentrated  loads  non 
exact  calculations  shall  be  made. 

23.  T-buuns. — In  beam  and  slab  construction  an  effective  bond  shall  be  provided  at  the 
junction  of  the  beam  and  the  slab.  When  the  principal  slab  reinforcement  is  paralkl  to  the 
beam,  transverse  reinforcement  shall  be  used  extending  over  the  beam  and  well  into  the  slab. 

The  slab  may  be  considered  an  integral  part  of  the  beam  when  adequate  bond  and  shearing 
resistance  between  slab  and  web  of  beam  is  provided,  but  its  effective  width  shall  be  determined 
by  the  following  rules; 

(a)  It  shall  not  exceed  one-fourth  of  the  span  length  of  the  beam. 

(t)  Its  overhanging  width  on  either  side  of  the  web  shall  not  exceed  six  times  the  thickness 
of  the  slab. 

T.-beams  used  mainly  for  the  purpose  of  providing  additional  compression  area  of 
shall  have  a  width  of  flange  not  more  than  three  times  the  width  of  the  stem,  and 
flange  of  not  less  than  one-third  the  depth  of  the  beam. 

33.  Floor  SUbs  Supported  on  Four  Sides. — Floor  slabs  supported  on  four  supports  shall  be 
continuous  over  the  supports.  For  square  slabs  one-half  the  load  shall  be  assumed  as  carried 
by  the  reinforcement  in  each  direction.  For  oblong  slabs  in  which  the  length  of  slab  is  not  greater 
than  1.5  times  its  width  the  proportion  of  the  load  taken  by  the  transverse  reinforcement  shall 
be  assumed  as  r  —  Ijb  —  0.5,  where  I  —  length  and  b  =  width  of  slab.  The  remainder  of  the 
load  is  to  be  taken  by  the  longitudinal  reinforcement.  Where  i  is  equal  or  greater  than  i )  times 
b  all  the  load  shall  be  assumed  as  taken  by  the  transverse  reinforcement. 

In  placing  the  reinforcement  two-thirds  of  the  prei'iously  calculated  bending  moments  jti^n 
be  assumed  as  taken  by  the  center  half  of  the  slab  and  one-third  by  the  outside  quarters. 

34.  Bond  Strength. — Adequate  bond  strength  shall  be  provided.  In  restrained  and  canti- 
lever beams  the  remforcing  bars  shall  be  anchored  in  the  support  sufficiently  to  develop  the  fail 
tensile  strength  of  the  bars.  Where  high  bond  strength  is  required,  deformed  bars  may  be  used. 
or  the  bond  strength  may  be  increased  by  using  hooked  ends  on  reinforcing  bars.  Hooked  eodi 
on  reinforcing  bars  shall  consist  of  turns  through  180  degrees. 

25.  Spacing  of  Reinforcement — The  lateral  sfiacing  of  parallel  reinforcing  bars  shall  not  be 
less  than  three  diameters  from  center  to  center,  nor  shall  the  distance  from  the  ade  of  the  beam  t» 
the  center  of  the  nearest  l>ar  be  less  than  two  diameters.  The  clear  spacing  between  two  layers  d 
bars  shall  be  not  less  than  i  inch.  Where  more  than  two  layers  of  bars  are  used  the  layers  shall 
be  tied  together  by  adequate  metal  connections  at  and  near  points  where  bars  are  bent  up.  \Vbetr 
more  than  one  layer  of  bars  is  used  at  least  all  of  the  bars  above  the  lower  layer  should  be  bent  uf 
and  anchored  beyond  the  edge  of  the  support. 
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26,  Shur  Rdnforcement— Two-thirds  of  the  external  vertical  shear  shall  be  taken  as 
producing  stresses  in  web  reinforcement.  Vertical  or  inclined  stirrups  shall  be  secured  to  the 
horizontal  members  in  such  a  way  as  to  prevent  slip.  Sufficient  bond  resistance  between  stirrups 
or  diagonals  shall  be  provided  in  the  compression  area  of  the  beam.  The  longitudinal  spacing  of 
vertical  stirrups  shall  not  exceed  one-half  the  depth  of  the  beam,  and  inclined  web  members 
shall  be  spaced  not  to  exceed  three-fourths  of  the  depth  of  the  beam.  Where  horizontal  bars  are 
bent  up  to  carry  web  stresses  the  points  of  bendine  up  shall  not  be  spaced  to  exceed  three-fourths 
of  the  depth  of  the  beam.  In  restrained  beams  tne  first  stirrup  or  place  of  bending  down  ot  bar 
shall  be  placed  not  further  than  one-half  the  depth  of  the  beam  from  the  face  of  the  support. 

When  a  flat  slab  rests  on  a  column  or  a  column  bears  on  a  footing,  or  a  concentrated  load  is 
applied  near  the  end  of  a  short  beam,  the  shear  in  the  slab  shall  be  considered  as  punching  shear. 

37.  ColtunnE. — Columns  shall  preferably  not  be  greater  in  length  than  15  times  (he  least 
width.  Columns  shall  be  reinforced  by  both  vertical  reinforcing  bars  and  bands,  hoops  or  spirals, 
or  by  structural  shapes  so  arranged  as  to  enclose  the  concrete  core.  The  effective  an^  of  hooped 
columns  or  columns  reinforced  with  structural  shapes  shall  be  taken  as  the  area  within  the  circle 
enclosing  the  spiral  or  the  polygon  enclosing  the  structural  shapes. 

The  minimum  size  of  columns  sliall  be  tz  in.  out  to  out. 

Longitudinal  reinforcement  shall  be  assumed  to  carry  its  proportion  of  stress.  Hoops  or 
bands  shall  not  be  counted  on  as  carrying  stress. 

Hooping  shall  have  a  clear  sparing  not  greater  than  one-sixth  the  diameter  of  the  enclosed 
column,  and  preferably  not  greater  than  one-tenth  and  in  no  case  more  than  a)  inches.  Hooping 
is  to  be  circular  and  the  ends  of  the  bands  shall  be  united  so  as  lo  develop  their  full  strength. 
Hooping  shall  not  be  less  than  I  per  cent  of  the  enclosed  column.  Bending  stresses  in  columns 
clue  to  eccentric  loads,  or  due  to  lateral  forces  shall  be  provided  (or  by  increasing  the  section  until 
the  maximum  stresses  do  not  exceed  the  permissible  values. 

38.  Temperature  Stresses. — Temperature  reinforcement  shall  not  be  less  than  one-third  of 
one  per  cent  of  gross  area,  and  of  a  form  that  will  develop  high  bond  resistance,  placed  near  the 
exposed  surface  and  well  distributed. 

2Q.  Expansion  Rockers. — Reinforced  concrete  bridges  with  spans  of  40  ft.  or  over  shall  be 
provided  with  expansion  rockers  on  one  end  of  each  span.  Rockers  shall  be  made  of  cast-iron 
that  will  comply  with  the  specifications  of  the  American  Society  for  Testing  Materials  for  gray 
iron  castings.  Rockers  shall  have  a  thickness  of  not  less  than  2j  in.  for  spans  of  45  ft.  and  less, 
and  not  less  than  3  in.  for  spans  greater  than  45  ft.  The  upper  and  lower  edges  of  the  rocker 
shall  be  turned  to  a  radius  e<[ual  lo  one-half  the  height  of  the  rocker.  The  bearing  of  the  rocker 
on  steel  bearing  plates  shall  not  exceed  jood  lb.  per  scj.  in.,  where  d  =  height  of  rocker. 

30.  Bearing  Plates. — The  rockers  shall  turn  between  steel  bearing  plates  with  planed  bearing 
surfaces.  The  cut  of  the  tool  shall  be  in  the  direction  of  expansion.  The  bearing  of  the  steel 
plates  on  the  concrete  shall  not  exceed  600  lb.  per  sq.  in.  The  bending  stress  in  the  steel  bearing 
plates  shall  not  exceed  16,000  lb.  per  sq.  in.  The  bearing  plates  shall  be  set  in  full  mortar  beds 
and  accurately  leveled. 

Bearing  {dates  without  rockers  shall  be  used  on  one  end  of  girder  bridges  with  spans  of  less 
than  40  ft. 

31.  Rocker  Podeta. — Rocker  pockets  two  inches  longer  than  the  rockers  shall  be  provided 
in  the  concrete.     The  top  of  the  rocker  shall  come  )  in.  above  the  surface  of  concrete. 

The  rockers  shall  be  placed  accurately  at  right  angles  to  the  axis  of  the  girder  and  shall  be 
supported  in  position.  Rockers  may  be  supported  by  soft  wooden  struts  not  more  than  one  inch 
square  which  have  been  soaked  with  water  previous  to  driving.  The  pocket  shall  then  be  filled 
with  asphalt.  The  top  plates  shall  then  be  placed  in  positbn  and  held  in  level  position  by  soft 
wooden  sticks  not  more  than  one  inch  sqi^re  placed  vertically  one  on  each  side  of  the  rocker 
and  resting  on  the  bottom  of  the  pocket.  The  bituminous  felt  cushion  used  to  separate  the  super- 
structure concrete  from  the  substructure  shall  not  over  lap  the  steel  plate  more  than  one  inch. 


No  concrete  shall  be  permitted  to  enter  the  rocker  pocket.    The  asphalt  used  shall  comply  with 
the  specifications  of  the  American  Society  tor  Testing  Materials  for  asphalt  for  waterproofing. 

Ls  felt  shall  be  provided  in  sheets  not  less  than  i  in.  thick.     Ordinary  tar  or  building 


paper  shall  not  be  used, 

33.  Spedflcations  for  C<mcr«te  noon. — Concrete  floors  shall  be  built  of  1-3-4  Portland 
cement  concrete.  The  distribution  of  loads  shall  be  as  given  in  {  13.  All  concrete  Uoors  not 
covered  with  a  bituminous  wearing  suriace  are  to  be  finiuied  with  a  wearing  surface  i  in.  thick 
of  I  to  1  mortar.  This  mortar  coat  is  to  be  applied  immediately  after  the  slab  is  poured  and  the 
surface  shall  be  rubbed  with  a  heavy  wood  float  to  give  a  smooth  suriace. 

Floors  shall  be  concreted  in  a  continuous  operation  over  each  span.  Expansion  joints  shall 
be  provided  between  spans  and  at  the  ends  of  floors  resting  on  abutments.  These  joints  shall  be 
filled  with  tar  or  asphalt  or  tar  or  asphalt  felt  as  shown  on  the  drawings.    At  expansion  joints  the 
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edges  of  the  concrete  shall  be  V^^^^^ijf  ^*^'  plateB  and  the  joints  filled  with  tar  or  asphalt  fdt. 
Steel  spans  shall  be  swung  cleat  of  the  laise- work  before  concrete  is  poured  on  the  floor.  On  lon^ 
spans  the  floors  shall  be  poured  on  both  ends  at  the  same  time.  Concrete  slabs  shall  be  pFotectcd 
from  the  direct  rays  of  the  sun  and  the  surface  shall  be  kept  moist  for  a  minimum  of  one  weeL 

33.  Bituminous  Floor  Coatme. — A  tar  or  asphalt  as  specified  by  the  engineer  shall  be  axiplied 
hot  to  the  concrete  at  the  rate  of  one-third  gallon  per  square  yard.  Over  this  coating  while  ha 
shall  be  sifted  hot,  clean,  dry  sand  screenea  through  a  l-in.  mesh  screen.  The  sand  shall  be 
placed  in  excess  and  rolled  with  a  hand  roller.  All  joints  and  corners  shall  be  filled  with  a^)hah 
or  tar.  Ail  concrete  surfaces  to  be  covered  with  bituminous  coating  shall  be  thoroughly  clea  ' 
with  steel  brooms  and  swept  dean. 

PART  IV.    WORKING  STRESSES. 

34.  The  following  working  stresses  are  for  static  loads  and  are  based  on  a  concrete  composrd 
of  one  part  Portland  cement,  two  parts  sand  or  fine  aggreeale,  and  four  parts  stone  or  co: 
aggregate,  that  will  develop  an  ultimate  compressive  screngtn  of  z,ooo  lb.  per  sq.  in.  at  an  ^i  . 
26  days  in  cylinders  8  in.  in  diameter  and  t6  in.  long,  when  made  and  stored  in  moist  air  uodrr 
laboratory  conditions.  Concretes  of  different  mixtures  shall  have  allowable  siresses  prcqwrtknat 
to  their  ultimate  compressive  strengths  determined  under  the  above  conditions. 

35.  Bearing. — When  compression  is  applied  to  a  surface  of  concrete  having  at  least  twice 
the  loaded  area,  a  stress  of  700  lb.  per  sq.  in.  may  be  allowed  on  the  area  actually  under  load 

16.  Axial  Compression. — For  concentric  compression  on  a  plain  concrete  pier,  the  length  of 

h  does  not  exceed  four  diameters,  a  stress  of  450  lb.  per  sq.  in.  may  be  allowed. 

37.  Columns. — Reinforced  concrete  columns  may  have  allowable  stresses  as  follows: 

(a)  Columns  with  longitudinal  reinforcement  of  not  less  than  i  per  cent  and  not  miKe  tlna 

3  per  cent,  and  with  lateral  ties  of  not  less  than  I  in.  in  diameter,  13  in.  apart,  nor  mofc  than  15 
iameters  of  longitudinal  bar,  may  have  an  allowable  stress  in  the  concrete  of  450  lb.  per  sq.  it. 
(_b)  Columns  with  longitudinal  reinforcement  of  not  less  than  l  per  cent  and  not  more  iblt 
4  per  cent,  and  with  circular  hoops  or  spirals  not  less  than  t  per  cent  of  the  volume  of  the  con- 
crete, where  the  hoops  are  spaced  not  more  than  one-sixth  the  diameter  of  the  enlcosed  oJniDii 
or  more  than  2}  in.,  may  have  an  allowable  stress  in  the  concrete  of  700  lb.  per  sq.  in. 

36.  Compression  on  Extreme  Fiber. — The  extreme  liber  stress  of  a  beam,  calculated  on  the 
assumptionof  a  constant  modulus  of  elasticilyof  concrete  shall  not  exceed  650  lb.  persq.  in.  .Adja- 
cent to  the  support  of  continuous  beams,  stresses  15  per  cent  higher  may  be  used. 

30.  Shear  and  DiagonAl  Tension. — As  a  measure  of  the  diagonal  tension  the  following  aQo«- 
able  shearing  stresses  may  be  used. 

(a)  For  beams  with  horizontal  bars  only  and  without  web  reinforcement,  a  shearing  dress 
of  40  lb.  per  sq.  in.  may  be  allowed. 

(6)  For  beams  with  web  reinforcement  of  stimipaloopedabout  longitudinal  reinforctng  bars  in 
the  tension  side  of  the  beam  and  spaced  horizontally  not  more  than  one-half  the  depth  of  the  beam 
or  for  beams  in  which  longitudinal  bars  are  bent-upat  an  angle  of  not  more  than  45  degrees  or  less 
thanzodegrees  with  the  axis  of  the  bcam.and  the  pointsof  bending  are  spaced  borizontaUy  not  toore 
than  three-quarters  the  depth  of  the  beam,  a  shearing  stress  of  90  lb,  per  sq.  in.  may  be  allowed. 

(c)  For  a  combination  of  bent  bars  and  vertical  stirrups  looped  about  reinforcing  bars  on  the 
tendon  side  of  the  beam  and  spaced  horizontally  not  more  than  one-half  the  depth  of  the  beam. 
a  Scaring  stress  of  100  lb.  per  S9.  in.  may  be  alfowed. 

{d)  For  beams  with  web  reinforcement  (either  vertical  or  inclined)  securely  attached  to  the 
longitudinal  bars  on  the  tension  skle  of  the  beam  in  such  a  way  as  to  prevent  slipping  of  bar  poM 
the  stirrups,  vertical  stirrups  to  be  spaced  not  more  than  one-half  and  inclined  members  not  n  " 
than  three-fourths  the  depth  of  the  beam,  either  with  longitudinal  bars  bent  op  or  not,  a  sb 
!ng  stress  of  120  lb.  per  sq.  in.  may  be  allowed. 

(e)  For  punching  or  pure  shear,  lao  lb.  per  sq.  in,  may  be  allowed. 

In  calculating  the  stresses  in  web  reinforcement  two-thirds  of  the  external  vertical  shea. 
to  be  assumed  as  taken  by  the  stirrups  or  bent -up  bars.  The  stresses  in  stirrups  when  contbiMd 
with  bent 'Up  bars  are  to  be  determined  by  finding  the  total  amount  of  shear  that  may  be  alknid 
by  reason  of  the  bent-up  bars,  and  subtracting  this  shear  from  the  total  external  vertical  ^lear. 
Two-thirds  of  the  remainder  will  be  the  shear  to  be  carried  by  the  stirrups. 

40,  Bond  Stress. — The  bond  stress  between  concrete  and  plain  reinforcing  bars  may  te 
assumed  at  80  !h.  persq.  in,;  on  drawn  wire  40  lb.  per  sq,  in.;  on  deformed  bars  loolb.  per  aq.  in. 
Bars  with  ends  hooked  by  bending  through  180  degrees  around  a  radius  of  two  diameters  o*  bsr 
may  have  a  bond  stress  of  120  lb.  per  sq.  in. 

41.  Stresses  in  Steel  Reinforcement. — The  tensile  or  compressive  stress  in  steel  reinforcemcai 
shall  not  exceed  16,000  lb,  per  sq.  in.  The  tenwle  stress  in  stirrups  shall  not  exceed  13,000  lb. 
per  sq.  in. 
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PART  V.    CONCRETE  ARCHES. 

42.  PropoithMis. — The  crown  thickncM  of  reinforced  arches  shall  not  be  leas  than  one-sixtieth 
of  the  span,  nor  the  thickness  at  the  springing  line  less  than  twke  the  thickness  at  the  crown. 

43.  Reinforceinent. — Arch  reinforcement  shall  be  double  and  preferably  symmetrical.  There 
shall  be  sufficient  steel  at  every  section  to  take  all  the  tension  on  the  assumption  that  the  concrete 
takes  no  tension.  The  main  reinforcing  bars  shall  be  fastened  together  by  means  of  stirrups  not 
less  than  |  inches  in  diameter,  and  spaced  not  more  than  the  depth  of  the  arch  ring  at  the  spring. 
The  stirrups  shall  pass  around  the  main  bars  and  shall  be  rigidly  wired  in  place.  The  transverse 
reinforcement  shall  be  not  less  than  one-third  of  one  per  cent  and  shall  be  Bymmetrically  placed 
on  each  side  of  the  arch  ring;.  Reinforcing  steel  shall  be  placed  and  secured  in  position  before  the 
concrete  is  deposited.  The  bars  shall  be  blocked  up  from  the  forms  by  means  of  concrete  blocks 
or  metal  chairs.  The  concrete  covering  shall  not  be  less  than  one  inch.  The  area  of  steel  at  the 
crown  shall  not  be  less  than  one  per  cent. 

^.  AnolfSis  of  Stresses. — Arches  shall  be  analyzed  by  the  elastic  theory  for  at  least  the 
following  live  load  conditions. 

.  The  live  load  covering  the  middle  quarter  of  the  span  for  maximum  positive  bending 
;nt  at  the  crown. 

3.  The  live  load  covering  three-eighths  the  span  on  each  end,  or  a  total  of  three-fourths  the 
span  for  maximum  negative  bending  moment  at  the  crown. 

3.  The  live  load  covering  five-eighths  of  the  span  loaded  from  one  end  for  maximum  positive 
imcnt  at  the  spring  on  the  unloaded  side. 

4.  The  live  load  covering  three-eighths  of  the  span  for  maximum  negative  moment  at  (he 
spring  on  the  loaded  side. 

Arches  with  unsymmctrical  spans  or  of  unusual  design  or  loads  shall  be  investigated  I  y 
means  of  influence  lines. 

45.  Arch  ribs  shall  be  designed  for  a  variation  in  temperature  of  40  degrees  F.  on  each  side 
of  the  mean. 

46.  The  effect  of  the  shortening  of  the  arch  ring  due  to  axial  compression  shall  be  considered. 

47.  The  spandrel  walls  shall  be  securely  anchored  to  the  arch  ring,  which  shall  be  reinforced 
transversely  to  provide  for  the  maximum  lateral  thrust  on  the  spandrel  walls. 

48.  The  top  of  the  arch  ring  and  spandrel  walls  covered  with  earth  shall  be  given  a  smooth 
coating  with  cement  mortar,  and  shall  be  w^erproofed  with  neat  cement  grout  or  with  bituminous 
coating. 

49.  Expansion  joints  shall  be  left  in  spandrels  and  handrail.  The  minimum  number  of 
expanskm  joints  shall  be  three  for  spans  less  than  50  ft.  and  live  for  spans  over  50  ft.  Expansion 
joints  shall  be  of  tongue  and  groove  type  thoroughly  waterproofed. 

PART  VI.    MATERIALS. 

50.  Pordand  Cement — The  cement  shall  be  Portland  cement  of  an  approved  brand,  and 
ehall  conform  to  the  standard  specificaticns  of  the  American  Society  for  Testing  Materials,  effec- 
tive lanuai-y  i,  1917.  Tests  shall  be  made  from  each  car  load  of  cement.  Cement  shall  be 
delivered  so  as  to  give  not  less  than  10  days  tor  testing  before  it  is  used.  Cement  shall  be  storcil 
ao  that  it  will  not  De  damaged  by  moisture. 

51.  Water. — The  water  used  in  mixing  concrete  shall  be  clean  and  fresh  and  free  from  oil, 
acid,  alkali,  or  organic  matter. 

53.  Sand. — The  sand  or  fine  ai^egate  shall  consist  of  clean  siliceous  grains  uniformly  graded 
in  size,  from  fine  to  coarse  and  jjassing  when  dry  through  a  screen  having  J  in.  diameter  holes. 
Not  more  than  20  per  cent  by  weight  shall  pass  a  sieve  having  50  meshes  per  lineal  inch,  r 

perc-.  _,   ., ^ 

loam  or  other  organic  matter. 

The  sand  sl»ll  be  of  such  a  quality  that  a  mortar  composed  of  one  (1)  part  Portland  cement 
and  three  (3)  parts  sand  by  weight  when  made  into  briquettes  shall  show  as  high  tensile  strength, 
at  an  age  of  7  days  as  1-3  mortar  of  the  aame  consistency  made  with  the  same  cement  and  standard 
Ottawa  sand. 


a  Gravel. — Coarse  a^pegate  shall  consist  of  crushed  stone  or  gravel  which 
Slaving  }  in.  diameter  holes  and  all  passing  a  screen  as  follows: 

nd  at  least  50  per  c( 

,  all  stone  shall  paei 
jcibyGoQl^lc 


For  concrete  for  heavy  foundations,  all  stone  shall  pass  a  al-m.  screen,  and  at  least  50  per  cent 
shall  be  retained  on  a  {-in.  screen. 

For  concrete  used  for  slabs,  columns,  arch  rin^s  and  similar  structures,  all  stone  shall  pass  a 
I  i-in.  screen,  and  at  least  50  per  cent  shall  be  retained  on  a  J-ip  — ™-n 
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For  concrete  tor  very  thin  sectionSi  all  stone  shall  pass  a  i-in.  screen,  and  not  leas  than  40 
per  cent  shall  be  retained  on  a  i-in.  screen 

All  stone  or  gravel  shall  consist  of  dean,  hard  durable  material,  and  shall  be  graded  from 
coarse  to  fine.  Stone  dust  or  dirt  adhering  to  the  particles  as  a  film  shall  be  removed  by  waging 
or  the  material  shall  be  rejected.  Any  material  containing  shale,  lumps  of  clay,  disintegrated  or 
rotten  boulders,  or  clay  exceeding  3  per  cent  dry  weight  shall  be  rejected.  The  engineer  may 
permit  the  use  of  unscreened  gravel  subject  to  fre<]uent  testa  to  determine  the  relative  proportionj 
of  sand  nnd  gra^'el.  In  all  cases  where  proportions  of  concrete  are  stated  the  sand  and  giatd 
or  broken  stone  are  to  be  measured  separately. 

54.  Reinforcing  Steel. — All  reinforcing  steel  shall  be  made  by  the  open-hearth  process,  and 
shall  comply  with  the  refiuirements  for  billet  steel,  reinforcement  bars  adopted  by  the  Amerkan 
Society  for  Testing  Materials,  revised  1914.  Unless  otherwise  shown  on  the  drawings  reinfotciag 
steel  shall  be  plain  round  or  square  bars  ot  the  structural  steel  grade.  Deformed  bus  shall  be  of 
a  type  approved  by  the  engineer.  Twisted  bars  will  not  be  accepted  under  these  specification*. 
All  bars  shall  be  free  from  rust,  dirt,  paint  or  grease  when  placed  in  the  work.  All  reinforcing  stod 
shall  in  general  be  wired  or  otherwise  held  rigidly  in  position  before  the  concrete  is  deposited. 

All  structural  steel  used  for  concrete  reinforcement  shall  comply  with  the  requirentents  for 
steel  as  given  in  the  author's  Specifications  for  Steel  Highway  Bridges. 

PART  VIE.    DETAILS  OF  CONSTRUCTION. 

55.  Projrartians. — The  materials  shall  be  carefully  selected,  of  uniform  quality,  and  pro- 
portioned with  a  view  to  securing  as  nearly  as  possible  a  maximum  density,  which  is  obtained  by 
gratling  the  aggregates  so  that  the  smaller  particles  fill  the  spaces  between  the  larger  thu^  reducing 
the  voids  in  the  aggregate  to  a  minimum.  Sand  and  broken  stone  shall  be  measured  by  knac 
volume.  A  bag  ofcement  containing  94  lb.  net  weight  shall  be  assumed  as  the  e<iuii'alenc  of 
one  cubic  foot. 

56.  Sand  and  broken  stone  or  gravel  shall  be  used  in  such  proportions  as  to  produce  maximum 
den^ly.  The  proportions  shall  be  carefully  determined  by  density  experiments,  and  the  gradioE 
of  the  fine  ana  coarse  aggregate  shall  be  uniformly  maintained,  or  the  proportions  changed  la 
meet  the  varying  sizes. 

57.  For  reinforced  concrete  slabs,  beams,  columns,  etc.,  the  proportbns  shall  genoaDy 
lie  one  (1)  part  Portland  Cement,  two  (2)  parts  sane}  and  four  (4)  parts  broken  stone  or  gnivl. 
For  foundations  plain  or  reinforced  the  proportions  shall  generally  be  one  (i)  part  Ponbnd 
cement,  two  and  one-half  (2I)  parts  sand  and  five  (5)  parts  broken  atone  or  gra\-el.  For  thin 
sections  or  columns  or  members  requiring  a  stronger  concrete  the  proportions  shall  generally  be 
one  (i)  part  Portland  cement,  t^-o  {2)  parts  sand  and  three  (3)  parts  broken  stone  or  gravel. 

58.  The  proixirlions  in  every  case  shall  be  determined  by  the  strength  or  other  qualities 
required  in  construction.  Advance  tests  shall  be  made  on  concrete  composed  of  materials  to  be 
used  in  the  work. 

59.  Hizlng. — The  proportions  of  the  various  ingredients  shall  be  determined  by  .  .  _ 
methods  of  measurement.  The  concrete  shall  be  thoroughly  mixed  in  a  mixer  of  a  type  which 
insure  the  uniform  distribution  of  materials  throughout  the  mass,  and  shall  continue  for  a  ~  ' 
time  of  one  and  one-half  minutes  after  all  materials  have  been  assembled  in  the  mixer,  tor 
mixers  of  two  or  more  yards  capacity  the  .ninimum  time  of  mixing  shall  be  two  minutes.  The 
time  of  mixing  shall  preferably  be  longer  than  the  aboi-e  minimum.  The  mixer  should  be 
equipped  with  a  device  for  automatically  locking  the  discharging  device  so  as  to  prevent  the 
emptying  of  the  mixer  until  all  the  Ingredients  have  been  mixed  for  the  minimum  time.  The 
water  shall  be  measured  into  the  mixer.  The  mixer  shall  be  operated  bo  as  to  give  at  tbc 
periphery  of  the  drum  a  uniform  speed  of  about  200  feet  per  minute. 

60.  Hand  mixing  shall  be  done  on  a  watertight  platform  and  especial  precautions  taken 
after  the  water  has  been  added  to  turn  all  the  ingredients  together  at  least  six  times,  and  until 
the  mass  is  homogeneous  in  appearance  and  color. 

61.  The  materials  shall  he  mixed  wet  enough  to  produce  a  concrete  of  such  a  consistencv  as 
will  flow  sluggishly  into  the  forms  and  alxjut  the  metal  reinforcement,  and  which  at  the  same  tW, 
can  be  conveyed  from  the  mixer  to  the  forms  without  separation  of  the  coarse  aggregate  from  the 
mortar.  The  quantity  ot  water  is  of  the  greatest  importance  in  securing  concrete  of  n)a.ximun> 
strength  and  density;  too  much  water  is  as  objectionable  as  too  little, 

62.  The  remixing  of  mortar  or  concrete  that  has  partly  set  shall  not  be  permitted. 

63.  Placing  Concrete.^ — Concrete  shall  be  conveyed  rapidly  from  the  mixer  to  the  forms,  an-I 
imrler  00  circumstances  shall  concrete  l>e  used  that  has  partly  set.  Concrete  shall  be  depogt<<l 
in  such  a  manner  as  will  permit  the  most  thorough  compacting,  such  as  can  lie  obtained  by  workinj 
with  a  straight  shovel  or  slicing  too!  kept  moving  up  and  down  until  all  the  ingrcdie 
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their  proper  place.    Special  care  shall  be  taken  to  prevent  the  lormation  o(  laitance;    where 
laitance  hai  formed  it  shall  be  removed, 

64.  Reinforcing  steel  shall  be  carefully  placed  in  accordance  with  the  plans,  and  shall  be 
held  in  position  until  the  concrete  is  deposited  and  compacted.  Forma  shall  be  substantial,  free 
from  debris,  and  shall  be  thoroughly  wetted  or  oiled.  When  the  placing  of  concrete  is  suspended, 
all  necessary  grooves  for  forming  future  work  shall  be  made  before  the  concrete  has  set.  When 
work  U  resumed,  concrete  previously  placed  shall  be  roughened,  cleansed  of  foreign  material  and 
laitance,  thoroughly  wetted  and  then  slushed  with  1-2  Portland  cement  mortar.  The  suKace  of 
concrete  exposed  to  premature  drying  shall  be  kept  covered  and  wet  for  a  period  of  seven  days. 

65.  Where  concrete  is  conveyed  by  spouting,  the  plant  shall  be  of  such  a  size  and  design  as 
to  ensure  practically  a  continuous  stream  in  the  spout.  The  angle  of  the  spout  with  the  hori- 
zontal should  be  such  as  to  allow  the  concrete  to  flow  without  a  separation  of  the  ingredients,  in 
general  an  angle  of  27  degrees  with  the  horizontal  ia  good  practice.  The  apout  shall  be  thoroughly 
flushed  with  water  before  and  after  each  run.  Where  the  delivery  is  intermittent,  a  hopper  shall 
be  provided  at  the  bottom.  Spouting  through  a  vertical  pipe  is  satisfactory  where  the  flow  ia 
continuous,  but  where  the  Bow   ia  not  continuous  the  flow  shall   be  checked   by  baffle   plates. 

66.  Freeziiig  Weather. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unless  special  precautions  are  taken  to  prevent  the  use  of  materiak  covered  with  ice  crystals,  or 
containing  frost,  and  to  prevent  the  concrete  from  freezing  before  it  has  set  and  sufiiciently 
hardened. 

When  the  temperature  of  the  air  is  below  40°  F.  during  the  time  of  mixing  and  placing  con- 
crete, the  water  used  in  mbiing  the  concrete  shall  be  heated  to  such  a  temperature  that  the  tem- 
perature of  the  concrete  mixture  shall  not  be  less  than  60°  F.  when  it  reaches  its  final  position  in 
the  forms.  Care  shall  be  used  that  the  cement  shall  not  be  injured  by  boiling  water.  The  use 
of  salt  to  lower  the  freezing  point  of  concrete  will  not  be  permitted. 

67.  RnbUe  CoDCrete. — Where  the  concrete  is  to  be  deposited  in  massive  work,  clean,  large 
stones,  evenly  diatributed,  thoroughly  bedded  and  entirely  surrounded  by  concrete  may  be  used, 
at  the  option  of  the  engineer. 

68.  Forms. — Forms  shall  be  substantial  and  unjielding  and  built  ao  that  the  concrete  shall 
conform  to  the  designed  dimensions  and  contours,  and  so  constructed  as  to  prevent  the  leakage 
of  mortar. 

For  all  important  work  the  lumber  used  for  face  work  ahail  l)c  dressed  to  uniform  thickness 
and  width,  shall  be  sound  and  free  from  loose  knots,  and  shall  be  secured  to  the  studding  or  up- 
rights in  horizontal  lines.  For  backing  and  other  rough  work  undressed  lumber  may  be  used. 
Square  comers  shall  be  filleted  to  give  round  or  beveled  comers  as  renuired. 

Lumt>er  used  the  second  time  shall  be  cleaned,  and  resized  if  necessary  to  insure  plane 
surfaces. 

Forms  shall  not  be  removed  until  authorized  by  the  engineer.  The  forms  on  box  culverts 
8  ft.  by  8  ft.  and  slab,  girder  and  arch  bridges  shall  remain  in  place  in  warm  weather  not  less  than 
three  (3)  weeks,  and  in  cold  weather  at  discretion  of  engineer. 

69.  Joints. — Concrete  structures  shall  wherever  possible  be  cast  in  one  o[>eration,  but  when 
this  is  not  possible,  the  resulting  joint  shall  be  formed  where  it  will  least  impair  the  strength  and 
appearance  of  the  structure. 

Concrete  in  abutments  shall  be  placed  in  uniform  layers  across  the  length  of  the  abutment, 
care  being  taken  to  secure  a  good  bond  between  the  footings  and  the  abutment  wall.  A  full 
longitudinal  section  of  the  floor  slab  shall  be  run  continuously,  any  unavoidable  joints  being  made 
in  a  lon^tudinal  direction.  Each  girder  shall  be  concreted  in  a  continuous  operation,  the  con- 
crete bein^  placed  in  layers  along  the  length  of  the  girder. 

70.  Concrete  inareh  rings  shall  be  deposited  continuously  in  one  operation.  If  the  entire  areh 
ring  cannot  be  deposited  continuously  in  ten  (10)  hours,  the  arch  ring  shall  be  divided  into  trans- 
verse segments,  each  of  which  is  to  be  deposited  in  a  continuous  operation. 

71.  Joints  in  columns  shall  be  made  flush  with  the  lower  side  of  girders.  Joints  in  beams  and 
slabs  shall  come  at  or  near  the  center  of  the  span. 

Joints  in  columns  shall  be  perpendicular  to  the  axis,  and  in  girders,  beams  and  floor  slabs, 
perpendicular  to  the  plane  of  their  surfaces.     Joints  in  arch  rings  shall  be  on  radial  planes. 

73.  Before  placing  concrete  on  top  of  a  freshly  poured  column  at  least  two  hours  shall  be 
allowed  for  settlement  and  shrinkage. 

73.  In  massive  retaining  walls  and  abutments  built  without  reinforcement,  expansion  joints 
shall  be  provided  at  distances  apart  equal  to  one  and  one-half  times  height  oF  the  wall. 

74.  Reinforcement. — The  length  of  lap  shall  be  determined  on  the  basis  of  safe  bond  stress, 
the  stress  in  the  bar  and  the  shearing  resistance  of  the  concrete  at  the  point  of  splice,  or  a  connec* 
tion  shall  be  made  between  the  bars  of  sufiicient  strength  to  carry  the  stress.  Longitudinal 
tension  bars  in  all  slab  bridges  ^all  be  furnished  full  length  as  specified  on  the  plans.     Shop  or 
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field  splicing  of  lof^tudinal  tenrion  bar*  in  girders  will  not  be  permitted  within  the  middle  haK 
of  the  Bpanlensth.  There  shall  not  be  more  than  one  splice  per  bar,  and  adjacent  bars  shall  dm 
be  spliced  at  the  same  end  of  girder.  _  All  alabs  shall  be  well  reinforced  transversely  as  vrdl  is 
longitudinaUy,  Stirrups  shaH  be  used  in  all  girder  bridges  to  carry  shear.  At  foimdatioas  bearing 
plates  shall  be  provided  (or  supporting  the  bars,  or  the  bars  may  be  carried  into  the  fcjoting  t 
sufficient  distance  to  transmit  the  stress  in  the  sted  to  the  concrete  by  means  of  the  bearing  and 
bond      ■  ' 


75.  Waterprooflng. — Concrete  proportioned  to  obtain  the  greatest  practicable  density  and 
mixed  to  the  proper  consistency  will  be  impervious  under  moderate  pressures.  This  concrete 
walls  in  direct  contact  with  the  earth  shall  be  reinforced  with  hoiizoatal  and  vertical  reinforcement 
placed  near  the  surface  in  contact.  For  this  purpose  one-third  ol  one  per  cent  of  reinfotx^emeni 
in  each  direction  is  satisfactory.  For  walls  in  direct  contact  with  the  earth  the  applicatioD  at 
one  or  two  coatings  of  hot  coal  tar  pitch,  following  a  painting  with  a  thin  wash  of  coal  tar  dis- 
solved in  benzol  to  the  thoroughly  dried  surface  of  the  concrete,  gives  excellont  results.  A  coal 
tar  paint  made  by  mixing  16  parts  refined  coal  tar,  4  parts  Portland  cement,  and  3  parts  kenMCoe 
oil  is  an  excellent  waterproofing  paint. 

7I1.  Surface  Finish. — As  soon  as  the  forms  are  renioved  all  rough  surfaces  shall  be  filkd 
with  mortar  of  the  same  grade  as  the  concrete  used,  and  if  necessary  to  insure  a  uniform  appearance 
and  smoothness,  the  entire  surface  of  the  structure  shall  be  thoroughly  rubbed  with  carbMunduin 
or  other  abrasive  material,  and  all  uneven  or  irregular  portions  removed. 

PART  VIII.    SUBSTRUCTURES  AND  FOUNDATIONS. 
Concrete  Abutuents,  Piers  and  Retaining  Walls. 

77.  T^pe. — The  design  may  be  of  the  reinforced  concrete  cantilever  or  counterfort  MCtiot, 
or  of  gravity  section,  capable  <A  resisting  the  overturning  action  of  the  earth  and  the  impaci  d 
ice  jams  or  floating  debns.  In  all  types  of  design,  steel  reinforcing  shall  be  used  at  points  where 
tension  may  be  developed. 

78.  Data  for  Design. — The  thrust  of  the  filling  on  the  wall  shall  be  calculated  by  Rankine's 
theory,  using  an  angle  of  repose  of  tj  to  I  for  earth  filling  and  i  to  i  for  sand  filling.  Theactiol 
weight  of  the  filling  shall  be  used,  with  a  minimum  of  100  lb,  per  cu.  ft. 

The  weight  of  piers  and  abutments  shall  be  reduced  for  buoyancy  of  water  where  the  founda- 
tion material  is  saturated. 

The  pressure  of  a  flowing  stream  on  a  pier  shall  be  taken  as  follows: 
For  square  piers 

F  -  1.240-1^  (0 

For  round  piers 

P  =  o.dza-i'  (i) 

For  piers  three  times  as  long  as  broad 

P  -  l.$oa-if  (j) 

For  a  pier  five  or  six  times  as  long  as  broad  and  with  a  cutwater,  having  plane  faces  and  an 
angle  of  30  degrees  between  cutwater  ifaces 

P  =  0.460-1*  (4I 

where  P  —  total  pressure  on  pier,  o  =  wetted  surface  normal  to  current  in  square  feet,  t  —  velocily 
of  current  in  feet  per  second. 

79.  Allowable  Stresses. — The  allowable  stresses  in  concrete  shall  be  taken  the  sante  aa  for 
reinforced  concrete  bridges. 

So.  Allowable  Bearing  on  Foundations. — The  safe  bearing  on  soils  shall  be  determined  by 
actual  tests.    The  loads  on  foundations  shall  not  exceed  the  following  in  tons  per  sq.  ft.; 

Ordinary  clay  and  dry  sand  mixed  with  clay a 

Dry  Ban<l  and  dry  clay 3 

Hard  clay  and  firm  coarse  sand 4 

Firm  coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock so 

For  all  soils  interior  to  above  never  more  than  one  (i)  ton  per  sq.  ft. 

Si.  Idling. — Foundations  shall  be  carried  to  a  depth  suflicient  to  insure  protection  agaiDtt 
scour  and  to  secure  satisfactory  bearing.  If  satisfactory  bearing  cannot  be  secured  founoitiaa 
piling  shall  be  used. 
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PiliiiK  shall  be  spaced  from  2  ft.  6  in.  to  3  ft.  centers.  The  minimutn  distance  from  the 
center  of  pile  to  edge  of  footing  shall  be  fifteen  (15)  mches. 

Timber  piling  Ehall  be  white,  post  or  burr  oak,  long-leaf  pine,  E)ougUs  fir,  cedar,  cvpresa, 
chestnut  or  redwood.  Piles  shall  be  cut  from  sound  trees,  close  grained  and  solid,  and  shall  be 
free  from  defects  such  as  injurious  ring  shakes,  lai^  and  unaound  or  loose  knots,  decay  or  other 
defects  which  may  materially  impair  their  strength  or  durability.  Piles  shall  be  cut  above  the 
ground  swell,  and  shall  hav'C  a  uniform  taper  from  butt  to  tip.  Short  bends  will  not  be  allowed. 
A  line  drawn  from  the  center  of  the  butt  to  the  center  of  the  tip  shall  be  within  the  body  of  the 
pile.  Unless  otherwise  allowed  piles  shall  be  cut  when  the  sap  is  down.  Piles  shall  be  peeled 
and  all  knots  trimmed  close  to  the  body  of  the  pile.  Piles  shall  have  a  diameter  of  not  less  than 
eight  (8)  inches  at  the  tip,  and  ten  (10)  inches  at  the  butt.  The  tops  of  piles  shall  not  extend 
abisve  low  water  in  the  stream  unless  the  piles  are  creosoted. 

82.  S>ie  Loads  on  Piles. — The  allowable  safe  load  on  piles  driven  with  a  drop  hammer  shall 
be  calculated  by  the  fonnula 

'■-S^  (5) 

where  P  —  safe  load  in  pounds,  W  =  weight  of  hammer  in  pounds,  h  =  free  fall  of  hammer  in 
feet,  and  s  -  average  penetration  of  last  six  blows  in  inches.  If  head  of  pile  becomes  broomed  in 
driving,  the  top  shall  be  cut  to  sound  wood  before  making  the  test.  For  a  steam  hammer  substi- 
tute A  in  place  of  unity  in  denominator  in  above  formula. 

The  minimum  projection  of  piles  into  the  concrete  shall  be  twelve  (13)  inches. 

The  minimum  penetration  of  piles  in  foundations  shall  be  10  ft. 

83.  Footings. — The  footings  shall  extend  a  minimum  distance  of  four  (4)  feet  below  bed  of 
stream  unless  solid  rock  is  encountered  at  a  shallower  depth.  Before  anj^  concrete  is  placed  in 
footings  the  engineer  shall  approve  the  depth  and  character  of  the  foundation. 

84.  Reinforcement. — Reinforcement  shall  be  iriaced  and  secured  in  position  before  the  con- 

85.  Concrete. — For  reinforeed  concrete  abutments,  piers  and  wing  walls  and  retaining  walls 
a  1-2-4  Portland  cement  concrete  shall  be  used. 

For  abutments,  piers  and  retaining  walls  without  rdnforcement  a  i-zi-5  Portland  cement 
concrete  may  be  used. 

86.  Coffer  Dun. — The  indde  dimensions  of  the  coffer  dam  shall  be  sufficiently  large  to  give 
easy  access  to  all  parts  of  the  foundation  forms.  Concrete  shall  not  be  placed  in  running  water, 
and  shall  only  be  placed  in  still  water  with  suitable  appliances  and  under  direction  of  the  engineer. 

87.  Rock  Anchorage. — Where  rock  foundations  are  found,  the  footings  shall  be  carried  not 
less  than  six  (6)  inches  into  the  rock,  and  the  concrete  shall  be  anchored  to  the  rock  by  means  of 
steel  anchors. 

88.  Ice  Breakers. — On  piers  built  in  streams  carrying  heavy  ice,  an  ice  breaker  with  not  less 
than  an  8  in.  X  S  in.  X  }  in.  angle  for  cutting  edge,  shall  be  provided  and  anchored  with  bolts 
as  shown  on  the  plans. 

89.  Drainage. — Adequate  drainage  for  baclcs  of  abutments  and  retaining  walls  shall  be 
provided. 

90.  Bed  Plates. — Bed  plates  shall  be  set  accurately  in  place  and  imbedded  in  i-a  Portland 
cement  mortar,  which  shall  be  allowed  to  set  for  at  least  48  noun  before  being  loaded. 


91 .  ThickneM  of  PUtes.— The  plates  for  the  tubes  shall  be  not  less  than  1  in.  thick  for  tubes 
up  to  30  in.  in  diameter,  not  less  than  A  ''"■  for  tubes  from  ^O  to  48  in.  in  diameter,  and  not  less 
than  l_  in.  for  tubes  from  48  to  72  in.  in  diameter.  Where  the  plates  are  in  contact  with  the  soil 
the  thickness  shall  be  increased  at  least  ^  in.  For  -^  in.  plate  and  less  use  i  in.  rivets;  for  j  in. 
plate  and  over  use  }  in.  rivets. 

gz.  Kivetiiig. — The  horizontal  seams  shall  be  single  lap  joints  riveted  with  a  pitch  of  4 
diameters  of  rivet,  while  the  vertical  seams  shall  preferably  be  butt  riveted  with  single  riveting 
spaced  4  diameters  of  rivet,  up  to  48  in.  diameter  of  tubes,  and  double  riveting  with  3  in.  spacing 
for  tubal  of  larger  diameter. 

93.  Bracing. — The  bracing  between  cylinders  shall  be  a  solid  web  below  high  water  level. 
Above  high  water  level  the  bracing  may  consist  of  struts  and  diagonal  rods.  The  diagonal  rods 
in  open  In^cing  shall  be  inclined  at  an  angle  with  the  vertical  of  not  less  than  45  degrees.  The 
rods  shall  be  upset  and  be  provided  with  turn  buckles.    The  bracing  shall  be  made  sufficiently 
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strong  to  nvaintain  the  cylinders  in  &^  ^  »"t  Position  when  acted  upon  by  the  prescribed  latenl 
wind  loads,  without  aBsiatance  ol  piles- 


V4.  Piles.— Piers  30  in.  or  less  in  diameter  siiall  have  one  pile,  and  one  additional  pile  ghaO 
be  added  for  each  increase  of  eix  (6)  inches  in  diameter  o(  cylinder.  A  cylinder  72  in.  in  diameter 
will  then  have  eight  (S)  piles. 

95.  Hateriala  utd  WortananBliip.— The  materialB  and  workmanship  shall  comply  with  the 
specifications  (or  the  highway  bridge  superstructure, 

96.  Erection. — Where  the  bottom  will  permit,  the  tubes  shall  be  sunk  well  below  possible 
scour  by  loading  the  tube  and  excavating  the  material  from  the  inside.  For  this  purpoee  a  clam- 
shell  bucket  ia  very  effective.  Driving  the  tube  with  a  pile  driver  will  cut  ofl  tne  rivets  In  the 
horizontal  seams  and  will  not  be  permitted.  After  the  tube  is  sunk,  piles  are  to  be  driven  inside 
of  the  steel  shell,  as  closely  tcvether  as  possible,  using  care  to  get  no  pile  nearer  than  4  to  6  in.  to 
the  steel  shell.  The  piles  shall  be  driven  to  a  good  refusal;  and  the  lops  sawed  off  belon'  the  low 
water  mark  and  reaching  at  least  3  diameters  of  the  tube  above  the  bottom.  The  space  inside  the 
tubes  shall  then  be  filled  with  concrete  well  tamped.  Concrete  shall  not  be  deposited  in  running 
water  if  po9»ble  to  prevent  it. 

Where  piers  are  founded  on  rock,  the  tubes  are  to  be  anchored  to  the  rock  and  then  lilleil 
with  concrete.  Or  cribs  may  be  sunk  on  the  rock  and  the  tube  set  in  a  pocket  in  the  crib  aiH< 
resting  on  the  rock.  The  space  outside  the  tube  is  then  filled  with  concrete  and  the  tube  is  filled 
with  coitCTete  in  the  usual  manner. 


SPECIFICATIONS  FOR  STONE  MASONRY. 

I.  Quality  of  Hasonry. — The  masonry  shall  con^st  of  pitch-faced  squared-stone  masoorr, 
laid  in  courses  not  less  than  twelve  inches  (13")  thick,  decreasing  regularly  from  bottom  to  top 
of  wall. 

3.  Qnality  of  Stone.^The  stone  ^all  be  clean,  hard  and  of  a  kind  known  to  be  durable, 
subject  to  the  approval  of  the  engineer. 

3.  Size  of  Stones. — Stones,  except  (or  filling  joints  shall  have  a  thickness  not  less  than  11 
inches,  nor  less  than  15  inches  in  width,  nor  less  in  width  than  in  thickness.  Stretchers  shall  not 
be  less  than  3i  feet  long,  nor  less  than  1)  times  the  width.  Headers  shall  go  entirely  through  the 
wall  where  the  wall  ia  4  ft.  thick  or  less. 

4.  Dressing. — The  top  and  bottom  beds  shall  be  approximately  parallel  to  each  other  and  to 
the  natural  bed,  and  shall  be  dressed  to  a  surface  that  will  admit  of  laying  with  vertical  and  hori- 
zontal joints  not  to  exceed  1  inch,  for  a  distance  of  10  inches  from  the  (ace.  Comer  stones  shall 
have  a  chisel  draft  one  and  one-half  inches  wide.     Faces  shall  be  pitched  to  true  lines. 

5.  Laying. — All  stones  shall  be  thoroughly  drenched  and  laid  in  full  mortar  beds,  and  all 
vertical  joints  shall  be  completely  filled  with  mortar  for  a  depth  of  12  inches  from  the  face  and 
mortar  and  spalls  for  the  remainder  of  the  vertical  joint.  No  spalls  shall  be  used  in  bed  joints. 
One  header  shall  be  used  to  each  three  stretchers.  Joints  shall  be  broken  at  least  q  inches.  Back- 
ing shall  be  carried  up  level  with  the  face  stones,  and  shall  be  laid  with  full  mortar  beds  and  joints, 
with  joint!  broken  at  least  6  Inches.  Heavy  hammering  will  not  be  allowed  on  wall  after  a  course 
is  laid.  Stone  becoming  loose  after  mortar  is  set  shall  be  relaid  with  fresh  mortar.  Stone  shall 
not  be  laid  in  freezing  weather  unless  directed  by  the  engineer.  If  laid  in  freezing  weather  the 
stone  shall  be  freed  from  ice,  snow  and  frost  by  heating;  the  sand  and  water  used  m  the  mortar 
shall  be  heated. 

6.  Hortar. — The  mortar  shall  be  composed  of  one  (i)  part  Portland  cement  and  two  and  one- 
half  (2j)  parts  sand,  the  cement  and  sand  to  be  of  the  quality  specified  for  concrete. 

7.  Coping. — Coping  stones  shall  extend  the  full  width  of  the  wall  with  a  6  inch  projectioa 
on  each  face. 

8.  Pointing. — After  the  wall  is  completed  all  face  joints  shall  be  raked  out  to  a  depth  of  one 
and  one-half  (1})  inches,  dampened  and  bead  pointed  with  a  i  to  3  Portland  cement  mortar. 


oyGooi^lc 


APPENDIX  III. 

STRUCTURAL  TABLES. 

The  following  stnictuml  tables  have  been  taken  from  the  author's  "Structural  Engineera' 

Handbook."     Only  those  tables  have  been  included  in  this  book  that  are  not  available  in  the 
Carnegie  or  Cambria  steel  books. 
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sTBUn«ttAL  TABLES. 
TABLE  1. 
ABEAs  OF  Angles 
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TABLE  2. 
Weights  or  Angles 
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TABLE  3. 
Camegik  Angles. 
Allowablb  Tension  Values  in  Thousands  of  Pounds. 
Fiber  Stress,  16,000  Pounds  per  Square  Inch. 
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TABLE  3.— CmJMMwd. 

Caknegib  Angles. 

Net  Akbas  and  Allowable  Tension  Values  in  Thousands  of  Pounds. 

Maximum  Fiber  Stress,  16,000  Pounds' per  Square  Inch. 
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STRUCTURAL  TABLES. 

TABLE  3.— Continued. 

Caknegib  Angles. 

Net  Asbas  and  Alxawable  Tension  Values  in  Thousands  or  Pounds. 

Maximum  Fiber  Stress,  i6,ooo  Pounds  per  Square  Inch. 
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STRUCTURAL  TABLES. 
TABLE  4. 

RaDU  of  GVKATION  OF  TWO  ANGLES  WITH  EquAL  LbGS,  BOIH  AXBS. 
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TABLE  5.                                                                        1 
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i$ 

2.97 

2.99 

3-04 

"     f 

10.6J 

1.14 

77 

2.86 

2.88 

2.91 

2.93 

i.98 

3.00 

J.OS 

li.7» 

1.13 

78 

2.B7 

2.89 

2.92 

■3 

2.97 

1.99 

3.01 

J.06 

"       1 

12.S0 

113 

79 

2.89 

2.91 

2.94 

2.98 

3.01 

3.03 

3^0S 

13.88 

80 

2.90 

2.92 

2.9s 

i.97 

i.99 

3J32 

3.04 

3-09 

15.96 

81 

2.92 

2.94 

2.97 

2.99 

J.01 

3-04 

,.06 

3-" 

1.09 

8S 

I-9S 

2.97 

2.99 

J.02 

J.04 

3.07 

3.09 

3-14 

rt 

11.86 

1.80 

SS 





3.68 

3.71 

3-73 

3-75 

3-77 

3^82 

3.87  1  3^9i  [  i-9f-  '  401 

1350 

•79 

S6 

3.69 

3.71 

3-74    3 '76 

3-78 

3.8, 

3-88 

3^9i  '  3^97    4« 

"  i' 

IS" 

..78 

S7 

3.71 

3-73 

3-75     3-77  1  3.80 

3-84 

3.89 

3^94  1  3.99  ,  +0J 

16.72 

1.77 

SB 

3-71 

3-74 

3.76    3.78    3.81 

3-85 

390 

3.9s  1  400  1  4-04 
3.96     4.01     4.0J 

".  * 

18.30 

1-77 

S9 

3.72 

3-7S 

3.77    3.79    3.82 

3.86 

3.91 

19.88 

1.76 

60 

3-73 

3-76 

3.78  ;  3-80    3.82 

3.87 

3.91 

3.97     4.02  1  4.06 

28.96 

«-74 

61 

3.76 

3.78 

3.81  1  3.83     3-8; 

3.90 

3^9S 

3.99     4^04  1  4-°9 

I 

26.00 

i-n 

364 

3.78 

3.80 

3.82  1  J.8s     3.87 

3.92 

397 

4M     4.07  ■  4.1; 

j,Goo>^le 


STRUCTURAL  TABLES. 


Racu  Of 

Gykation 

OF 

Two  Angle 

WITH 

Ukbqual 

Legs 

Both  Axes. 

Short  Legs  Out. 

R.dii  of  Gyiulm                            v^~l            '    r                                For  DiiuncB 
of  Two  A'nglt..                             -A --i                                Mcuuml  ftom 

Short  Uci  TuTKd  Out.                                                                                       B«k  w  lt«k. 

V. 

tsiii 

A.i.  Y-y. 

1 

III 

< 

A.i,  Y-Y. 

3 

aj 

^H^ 

-  1 

IIJUWKC  Back  lo  Buck  IB  iDChci. 

In. 

ln.t 

*  1 

0 

_!_ 

1'* 

1 

1      111 

In. 

In.' 

«    1  1  A  1  1  ;  t  1  1     1 

i««A 

Tfii 

■79:  -79 

.8 

sNo 

.91 

.96  1.01,1.07 

'1?*J 

2.62 

■95 

.oo'i.o9'i.ii  1.13  1.18  1.13,1.28 

1     "  i 

.78,  .80 

.8 

9    -91 

.93 

.98  1.04  1.09 

3.14 

■94 

..14:1.19,1.14:1-19 

H 

*.6i 

.78    .8. 

■9 

1    .93 

■55 

3.84 

.93:1.011. 11  I 

1+ 

1. 161.11  1.26  i.ji 

3.10 

■77'  -81 

-9 

1   .94 

.96 

iloi|i.o6i!ii 

"     t 

4-44 

.911.03,1.11,1 

'S 

1.171.121.171.33 

1    * 

3.56 

.76  .81 

■9 

J    -95 

.97 

1.011.07,1.13 

S-oo 

.91  i-04i-i4|i 

16 

1,181.231.281.34 

1 3*;*.' 

Z.8S 

...1    .9S 

1.04I1.06 

1.09 

i.ij  I.i8ji.i3 

'!?'■.' 

J.12 

...11.201.19,1 

31 

,.33  1.38,1.43  148 

"    A 

3-S6 

i.ii    .961.051.08 

1.151.10,1.14 

"P 

J.86 

1.101.12:1.30. 

J2 

1.3s  1.39  1-44  »-49 

"    1 

+.12 

1. 10'  .971.071-091.11 

i.i6i.2i'i.a6 

4.60 

1.09,1.23,1.31  I 

33 

1.36  1.40! MS  "-SO 

;;  ft 

1.09    .98'i.07i.ioi.i2 

i.i7'i.iii.27 

■■t 

S-30 

1.081.23^1.32,. 

34 

1.371-41 

1.46  1.51 

"    i 

S-SO 

1.09;  .99^1.08^1.11  1. 13 

1.18:1.131.19 

6.00 

1.07  1.24  1-331 

36 

1 .39  1-43 

i.48|l.S3  1 

*fM 

3.J8 

1.18  1.16  1.14  1.17  1.19 

i.34'>.38'i-43 

S^J^ji 

4.80 

1.61  l^rl.17  I 
1.61  1.091.1811 

20 

1.22:1.26 

'■3 

1.36 

4.18 

1.17  i.i7i.2S'i-i8  1.30:1.3s  i.39|i-+4 

S-72 

1.13!  1.27 

i.3 

137 

+.96 

1.16  1.17  1.16  1.1811.311.36  1.40  1.4s 

"    t 

6.61 

1.60  i.io' 1.101 

11 

1.141.29 

1-341  "-39 

"  1^ 

S-7+ 

I.2S  1.18  1.17  1.19  1.32  1.36:1.41  1.46 

7.50 

i.59i-ii|i.",i 

^3 

1. IS  i  1.30 

1,35  140 

6.50 

1.15^1.201.181.311.331.38,1431.48 

8.36 

I4;i.i6i.3i 

26  J. 28  1.33 

1.36141 

"  t 

?3 

1.241.11  1.301.311.351.401451.50     "    1 

9.2i|i.s7i.i4;i.ij!i 

1.38,143 

i.23i.ii:i.3i|i..l3t.36:i.4l|l46!l.Sil    "H 

100611.56:  i.i5!i.i4l  I 

17I  1.29' 1-34!  I -3911-441 

J^: 

>< 

■3 

A.i.  V-V. 

UiMna  Back  to  Back  of  An(lt>  lo  Inibn. 

In. 

<■ 

1 

A 

1 

A 

i 

ft 

1-  !   1 

.  1  .  1  .■ 

■i 

wflrt 

11; 

1.61 

i.eo 

1.33 

1-34 

1.41 
1. 41 

1-43 
1.44 

\t 

1.48 
1-49 

1.50 
1.51 

1.51 
1-S3 

;:P  \E 

1 

A 

7JJ6 

«-S9 

I.3S 

1. 43 

MS 

"-47 

1.50 

1.51 

1:1S 

1.57  162 

:  f 

8.00 

1-58 

1.36 

1.44 

1.47 

1-49 

1.51 

1-54 

i.S8    1.63 

1 

"  f 

8.9+ 

I.S7 

1.37 

MS 

148 

i-SO 

1.51 

"•SS 

1-S7 

■-S9    1.64 

9.84 

I.S6 

1.38 

146 

1.49 

•■SI 

'-SJ 

1.56 

1.S8 

1.60 

1.66 

:  ' 

10.74 

1.56 

1.38 

1.47 

1.50 

1.51 

"-S4 

>-S7 

I-S9 

t.6i 

1.67 

11.61 

i.JS 

1.40 

'•49 

1.51 

I-S4 

..56 

1-59 

1. 61 

1.63 

1.69 

j 





&,! 

7.M 

1.93 

1.50 

1.S8 

1.60 

1.61 

1.64 

1.66 

1.69 

1-7. 

1.76 

8.J6 

1.92 

1.50 

1.59 

1.61 

1-63 

1.66 

1.68 

1.70 

1.72 

1.77 

9SO 

1.91 

1.51     i.6o 

1.61 

..65 

1.67 

1.69 

1.71 

•■74 

1.78 

"  f 

10.61 

1.90 

i.ja    1.61 

1.63 

1.66 

1.68 

1.70 

1.71 

1.7S 

1.79 

11.71 

1.90 

1.53 

1.61 

It 

..67 

..69 

1-7" 

1-73 

1.76 

1.81 

"  1* 

11.80 

1.89 

•■SS 

1.63 

1.68 

1-71 

'.73 

I.7S 

1.77 

1.81 

13.88 

1.88 

I.S6 

!:S 

1.67 

1.69 

1.72 

■■■'^ 

1.76 

1.79 

1.84 

18.00 

1.86 

\t 

I.&, 

1.71     1-74 

1.79 

1.81 

1.86 

1.8s 

1.69 

<-7» 

1.74 

1-77 

1.79 

1.82 

1.84 

1.89 

.i^ji 

11.86 

1.S7 

1.31 

i-*3 

a-4S 

*.47 

1.49 

1.52 

1-56 

1.61 

2.66 

2.70 

i'4 

13-50 

i.S6 1  1.31 

E  i^ 

1.46 

2.48 

1.51 

2.S3 

1-S7 

1.61 

2.66 

2-7" 

IS.ii 

».SS  ;  »-33 

1.48 

2.50 

2.51 

a.54 

*-S9 

2.63 

1.68 

2.7J 

2.77 

16.71 

2.S4  i  i-J4 

a46 

249 

*.S' 

a.S3 

i$ 

1.60 

1.64 

2.69 

1-74 

2.79 

18.  JO 

1.54    1-34 

—    247    1-49 

2.52 

*.S4 

1.61 

Ilk 

2.70 

*.7S 

19.88 

1.53  1  »-3S 

148  1  1.50 

i-S* 

ass 

*-S7 

1.61 

«-7l 

2.77 

2.S1 

"    i    M.96i2.Sl  J1.J7 
I  ;»6.oo  1 1.49 1 1,39 

:.::::: 

»-Si  1  a-S3  1  »-SS  1  2-S7  1  i.S9 

.. —  1 1.51 1 1-54  1  a.S7  1  »-S9  1  a.6* 

in 

1.69  1  2.74 
2.71  1  i.76 

2.79 
1,81 

i& 

STRUCTURAL  TABLES. 

TABLE  7. 
BccKLB  Plates. 

AMBKICAN  BRIDGE   COUPANV  STANDARD. 


V     \l 


1/     \l 


rr^ 


SUeol  Buckle. 


RadU  o[  Buckle. 


Widtha  nf  Ftanscs  aaX  FiOeu. 


3-  ! 
J- 6 
J- 6 

y-  9 


6-  Si 

8-9J 
7-9l 
6-3 


6-  3 


.;:a 


3 


Hoi 


■  li 


H    I 

I       : 
I 


S-6 


PktM  arc  ilcd  1".  A",  i"  or  A"  thick. 

Plates  of  greater  length  than  given  in  table  may  be  made  by  splicing  with  b»r»,  anglet,  or  U 

All  plates  are  made  with  buckles  up,  unless  otherwise  ordered.     When  bucklei  are  turned  doirs. 

a  drain  hole  should  be  punched  in  the  center  of  each  buckle  and  should  be  shown  on  sketch. 
Buckles  of  different  sizes  should  not  be  used  as  it  increases  the  cost  of  the  plate- 
Connection  holes  are  gcnerallj-  for  [",  i"  or  i"  rivets  or  bolts.     Different  sized  holes  in  um 

plate  will  increase  the  cost  of  the  plate. 

Spacini;  for  holes  lengthwise  of  plate  should  be  in  multiples  of  ]"  and  should  not  CTCceii  ll' 

Odd  spaces  to  be  at  end  of  plate  and  in  even  j".     Minimum  spacing  crosswise  4i",  usually  6". 
Die  number  must  be  shown  on  drawings. 
Sketches  for  Buckle  Plates  should  indicate  allowable  overrun  in  length  and  width. 
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STRUCTURAL  TABLES. 

TABLE  8. 
Pkofektieb  or  Column  Sections. 


Channel*. 
Eleplli,    Wt. 

IS 

MomeoU  of  Iwnia  and  Radii  of  Gyratioa.                                        | 

AiUA-A. 

Ail»  B-B. 

I^Kaace  Back  to  Back  of  Cbanndi  En  Inches  .  b. 

Tl 

ei        1        91 

'Oi 

...     1 

Ia      1     fA 

I. 

ra 

la 

^    1     la 

IB 

Ib      1     rB 

Ib 

Id.     I    Lb. 

In.' 

IQ.' 

In. 

In.' 

In. 

ln.» 

In. 

ln.< 

In. 

la.<    1    In. 

In.' 

in. 

^     \^ 

S-70 
7.10 

% 

a.72 

60.S 
77.1 

3.16 
317 

80.2 

3-7S 

J.77 

101.7 

4*4 
4.26 

128.1 1  4-74 
162.9  1  4-76 

156-3 

198.7 

S-a4 

1         7i 

8i 

9* 

.o» 

I)          1 

8     lii.2s|    6.70 
"    Ii3.7sl    8.08 

64.6  1   3.10 

70.1 j  3.24 

85.5!  3 -IS 

93-1     3-73 

119.414-" 

149-0 1  4-72 

lei.i  1 4.73 

■  82.0 

5.21 

81 

9i 

■0) 

m 

* 

.? 

I3.1S 

iS-00 

11.76 

94-6    3-49 
I0I.8     340 
12 1. 6    J. 11 

106.8 

3.70 
3-7» 
1.71 

IJ7-I 
156.5 

208.9 

4.10 

4,11 

17I-1 14-69 
I9S-4    4-7" 

260.8  (  4.71 

I  * 

109.3    S-i8  1  2;l-3    S-^ 
238.7    5-20  1  186.4   S-70 
318.6    5.10,  381.3    S-70 

2B5.4    j,G6  ,  337.7  6.15 
379-9    5-68  1  449.2    6.18 
47»-8    S-67  1  im-^    6.17 

9i 

loi 

•? 

15.00 

11;  .00 

11.76 
14.70 

IJ3.8    %.%J 
IS74    J-» 
182.0    3.52 

i!5-3    417 

107.4  4*0 

157.5  418 

lOi 

I94-* 

159.0 
311.9 

237.6 
393-7 

5.16 

ill 

"i 

.1 

I3i         1          -4* 

IS      to.  JO    IZ.06 

"      i;.oo    14.T0 
"      JO.OO    17.64 

156.2 
188.0 

4.61 
4-4J 

4.28 
417 

2S7.1 
316.3 
379-3 
439.0 

4.61 
4.64 
4.63 
4.62 

3«4-9 

387.1 
464-4 

S37.9 

5.11 
S13 
513 

Mi 

1:S 

448.7   6.10     5246 

SSI.O     6.11    !    644.0 

bb\a  6.12  [  772-S 
766.6  6.10  1  896.4 

6.62 
6.60 

"i 

.3i 

1001.4 
1116.4 

4t 

.51"    1         .6i        1 

w 

33.00 
3S-00 
40.00 
*5J=o 

19.SO 

6iS.! 

g:o 

750.2 

S.62 

S-S7 
5-44 
S.31 

605.9 

630.7 

Bfa6 

S-S3 
S-S4 

S-S4 
SS3 

718.9 

961.9 

6.02 

6.03 
6.03 

6.02 

1^; 

974-S    7.02 
1014.2    7.0* 
1160.4    7-03 
1304.1    7.01 

1330.2 

149S-I 

7-Si 

7-Si 
7-52 
7.52 
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TABLE  9. 
Pkopekties  of  Column  Sections. 


1 

.... 

r 

Turned  Ont. 

B 

ChBIIDds. 

ToWl 
a™. 

MoiuDU  of  Inertia  and  Radii  of  Gyration. 

T 

1 

Aid»A-A. 

AiisB-B. 

Depth. 

Wdght. 

mnuiix  loilde  to  luidc 

of  Webaln 

OUD- 

Dd. 

Ga,e.. 

4) 

5) 

61 

U    1    r. 

1.    1     r. 

IB 

IB 

IB 

., 

m. 

U,.     !     In.. 

In.< 

In. 

"•■'   1    >» 

ln.< 

In. 

In.. 

Id. 

la. 

In.           In. 

In. 

.? 

9-7S      S-70 

s 

1.74 

SI  1  x6s 

S9 
71 

3-M 
114 

79 

3.72 
(-64 

a' 

■  1  liv  H 

4i 

47  1  i.6s 
S3     1.S7 

S 

i 

6i 

1 

8     III.2S 

6-70       6s     J.  10 
8.08       71  1  1.9S 

66 

76 
81 

t^ 

88  I  3.63 

101 ;  3SS 

i 

■It 

.     .      . 

6i 

7i 

81 

1 

9     i  i3-iS  1    778  1     95  ■  3.49 
II     1  15.00  1    8.81  1   101     3.40 

98  '  3.SS 
106  .  3.47 
131  i  J.J4 

117 
138 
171 

4-04 

i6oJ4-S4 
»7S    4"*S 

210 1  4.34 

^l-iil 

J 

6 

7 
140    3.95 
170    3.80 
.99    3-68 

8 

10     i  15.00  1    8.92      134 
"        10.00  1  11.76     IS7 

3-S7 
).66 

1.!! 

107    3-46 
119    3-3' 
"SO    3.19 

176 1  4-44 
117    4-*9 

If 

;      J 

I»       20.50  1  IJ.06     156  \  4.61 
15.00  1  14.70  .  188  \  4.43 
35.00  '  10.58  !  3S9     4-I7 

8 
240  1  4.47 
281     4.37 

9 

196  1  4.96 

348  ;  4.87 

3S8  1  S-4S 
423  1  S.36 

1  1  "     !  *     ■• 

1          9i 

10!         1          Hi 

It 

~r 

'.? 

33.00 
45.00 
SS-oo 

ig.80 
16.48 
31.36 

6,s 

S.62 
!!• 
S.16 

7S«     484 

646 
796 
920 

5.68 
5.48 

S-33 

1098 

6.1B 
!.98 
S.8) 

3 

■..i 
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TABLE   10 

Pkoferiies  o 

Stabbed  Angles. 

TwoAsdaSUimd. 

Tm  Aniln  Stamd, 

Four  AdsIh  Stamd, 

Four  AMlea  Started.            1 

EquilLtn. 

UDtqtial  Let*. 

Equal  Leo 

Unequal  Lee*.                 | 

1* 

'  1 

i( 

1 

1 

i 

^r-J'            . 

A     .=j|             A 

"  cd 

L 

3-i 

s.  J 

. 

N 

i 

r 

"1 

* 

Ib 

A 

1 

1 

Value*  for  An  A-A  ft 

ViJuoforAiIiA-ABuiie 

B-B  wiK  u  In  Table* 

■•  Id  Table  4. 

jftS.  reepecUvely. 

^ 

Total 

is. 

Total 

TS: 

Total 

Gyrattoo, 

Sbeof 

Sto" 

Area. 

ol  Gy- 

Sua of 

Area. 

sue  of 

Ands. 

- 

An^e* 

ration. 

ADClea. 

rauon. 

Anilea 

A-A.      B-B. 

A 

re 

A 

re 

A 

r* 

A 

r*           fB 

la. 

1d.> 

In. 

In. 

In.> 

Id. 

In. 

lD.< 

In. 

TdT~ 

IB.' 

Id. 

In. 

Ull 

1. 88 

■77 

2h2i 

2.12 

:3 

axai 

3.76 

■8S 

a«.i 

4-H 

Til 

.80 

" 

a.7a 

■74 

" 

310 

" 

S44 

.88 

" 

6.20 

1.13 

.SI 

2)11)1 

2.38 

■97 

3«U 

a.62 

ix» 

2il4il 

4.76 

i.tS 

3«lxi 

5.»4 

1.31 

1.00 

J^ 

■9S 

3.84 

1.00 

6.9a 

1.07 

'■ 

7.68 

133 

i.oa 

JX31 

2.S8 

I.I7 

3lxjx 

J.li 

1.11 

3x31 

5,76 

I.2S 

3ixjx 

6.2+ 

1.52 

1.20 

4.21 

1.16 

4.60 

ao 

8.44 

1.17 

9.20 

I. S3 

1.23 

« 

s-so 

6.7a 

1.13 

6.00 

7^34 

18 
16 

" 

■3-44 

1.29 

1.32 

" 

14168 

ISS 

1.57 

a 

Jixji. 

338 

1-37 

4x3* 

3-38 

»3 

Jlx^i- 

6.76 

l:;i 

413X 

6.76!   1.77 

1. 16 

t$ 

•■3S 

6.50 

9.92 

9.92 

1.80 

1.17 

i^33 

19 

13.00 

1.50 

13.00 

1.82 

1.20 

" 

7.96 

1.31 

" 

7.96 

17 

" 

15-9* 

i-S^ 

" 

"S-9^ 

1.84 

4J4» 

3.88 

1.58 

Sfjx 

S-7» 

t6 

4X4» 

7.76 

1.66 

513X 

"1-44 

*.J4 

1.09 

S-7a 

i-sfi 

7.50 

16 

"■44 

1.68 

\SJ» 

2.J6 

7.50 

•■S3 

9.ai 

•S 

15.00 

1.70 

;» 

2.39 

1.14 

" 

9.M 

1.51 

10.8B 

»5 

" 

1844 

i.7» 

" 

2.41 

1.16 

Sijx 

7.21 

1.98 

s.,,!. 

6.10 

37 

5^5== 

I4'44 

i.oe 

s.jl« 

II 10 

a-a? 

\\i 

9S0 

>-9S 

8xx> 

35 

19.00 

16.00 

2.29 

11.72 

1.92 

9.84 

34 

13-44 

19.68 

2.31 

1.38 

" 

13.88 

1.89 

" 

11.6a 

33 

" 

17.76 

2.14 

" 

23.24 

1.33 

1.40 

6161 

8.72 

^■37 

614I 

7.12 

Sf 

6i6x 

17.44 

a.49 

6x41 

14.44 

2.74 

1.50 

It. SO 

2.3s 

9.50 

56 

23.00 

2.S1 

19.00 

2.76 

1.51 

14.22 

133 

11.71 

SS 

2844 

»^S3 

17.76 

2.78 

1-S3 

16.88  1    2.30 

13.B8 

55 

33.76 

*-5S 

2.80 

1.56 

1946  1    2.2B 

;; 

15.96 

54 

38.91 

*-S7 

" 

31.92 

2.8a 

.■S8 

"    1 

22.00      Z.t6 

lioo 

54 

" 

44.00 

2.S9 

36.00 

2.8s 

1.60 

SiSi 

iSSO     3-17 

8161 

13-50 

39 

8x81 

3100 

3-3  » 

8161  !  27.00 

3.S6 

2.32 

1  i9-»i     3->* 

16.72 

38 

1?:5S 

3^J4 
3.36 

::  \li.U 

3.58 

»J3 

22.88     3-"» 

.9.88 

36 

3.60 

1-3S 

1  ».46      3.09 

" 

22.96 

3S 

519* 

3^38 

"     \  459* 

J.62 

^■37 

1 

1  Sftoo  1  3-07 

I 

26XX) 

2.J4 

I 

60.00 

3-P 

"      Ij  52.00 

3.64 

J.39 

For  unequal  lee  angle*,  the  angle  between 
B-B  &  C-C  varica  tietween  lO*  &  J4«. 
Tie  nlatet  for  uneaual  le«  anelM-l". 

Whenang 

lei  are  not  !n  conuct,  use  tablet  4. 

5,  &6- 

^- 

liqiti? 

m^ 

OtW 
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TABLE    11. 

PROPEBTIBS  OF  FOUK  ANGLES  LaCBD. 


f 

Propertls 

*J~ 

Four 
Anda. 

Total 
Area. 

MomenU  of  Inertia  uid  lUdU  ol  Gyration.                                            | 

Axi>B-B. 

AxlsA-A. 

ThickaeB  of  3  Lacina 
Ban-(. 

DiHance  Back  to  Back  of  Antfea  in  Incln 

iBan 
l"-t". 

M 

lOi 

"i       1       Mt 

.61 

In 

rp 

Ir 

fb 

U 

fA 

I* 

'A 

I, 

f*        Ia    i    r* 

1a      '     t, 

In. 

In.' 

In.< 

In. 

In.' 

In. 

In.< 

In. 

lD.< 

Id. 

In,' 

In. 

In.'  \   Id. 

Id.'         Ll 

3»lx| 

n 

1-68 

4-64 

167 

(.64 

ij.    6.64 

l.lB 

,.6. 

140 

24 

ISS 

i.';7 

308 

i';'i 

428  1  6.54 

S67      7-« 

I.9S 

127 

i.ss 

4-^6 

561      7.JI 

13-00 

264 

S46   6.48 

"      1 

'S-9! 

66  |i.(H 

69 

2.oH 

193 

3.48 

3'7 

4.46 

47a 

S-44 

6S9|6-43 

879,  7-41 

iBara 

i"  -  i" 

iBan 

A"  -  i" 

loj 

lt\ 

.4i 

.« 

■  SI 

>'-?.'■ 

9.92 

17 

1.66 

190 

4.18 

284 

198 

6-14 

S3*   7-3 J 
687  1  7-^7 

68;      8.31 

noo 

17 

1.69 

39    '-73  1  Hi 

4.11 

1b( 

^10 

■III 

1S.91 

1.70 

49    1.76    291 

A-ri 

6.21 

831    7.18 

I07S   1   8.!i 

4MI 

lit. 

770       8.20 

ii;.oo 

" 

56    1.93 

171 

4.21; 

40S 

S.ii 

'.Ti 

6.19 

77a  1  7-17 

999      8.16 

l.yi 

71  1  1.96 
iBan 

i"  -  i" 

3-25 

4.w> 

491 

93S|7." 

1ZI3  ;  8.1. 
"81 

iBars 

A"  =  1" 

lOJ 

i»i 

14I 

i6i 

SxjU 

U.K> 

76  1.50 

7") 

148    4S' 

167 

^.48 

6.47 

679 

746 

87»      84) 

16.00 

l.qB 

6.41 

u8    j-SS 

in 

381    4.40 

';7i 

Mfl 

6.17 

ro67 

7-16 

6x4x1 

19.00 

770 

1017 

133.       8-34 

"     1 

i3-M 

213    3.01 

448    4.37 

669 

■i-W 

917 

6.J2 

liiji 

7." 

1614       S.JO 

2S7    304 

26s 

3-09 

51714.32 

777 

S.ly 

loya 

1888      8.14 

bic  i*  intended  to  •erve  only  as  a  suide  in  the  choice  of  KCtbni  and 
add-tionat  values,  see  Ketchum'i  ^'Stniclural  Enginccra'  Handbook 

not  aw  com- 

pletc  table.     For 

" 

owGooi^lc 


STRUCTURAL  TABLES. 

TABLE  12. 

pKOPBRTiBS  or  Cbobd  Sections. 

McClinto=-Mabs3al  CoNSTRUcnoH  Co.  Standards. 


Pnpcrtka  o( 
Tito  AnElM  and 
One  Web  Plate. 


Long  Legi  Turned  Out. 
Top  or  Plate  1"  Below 


s 

1 
3 

1 
1 

Axis  A'A.           'Alia  B-B 

1 
1 

Si 

■3 

1 

i 

A3d»A-A.            'AiLin-B, 

1 

•s 

1 

•5a 

il 

l| 

1    |-^  1^ 

1 

1 

111  III 

1 

A 

I* 

r* 

s. 

e    \u\'n 

IT 

'■■-' 

In. 

Sa  1    « 

Id  ,  tB 

In.     1          In. 

In." 

lo.' 

In. 

In.' 

In.  |In.«|  In. 

In. 

Id. 

lo.' 

"il^l^ 

6X1  ji  Xi  XI 

3.38 

~ 

1.81 

6.3 

1.77,   1.7,  .7C 

lOXi 

liXiiXl 

4.88 

47.2 

3.10 

•S-S  3-04 

3.1    .»c 

l.ixz  xi 

3-62 

11.7:1.80 

7- 1 

1.661  3.11  .93 

liXiixA 

S-44 

50.1 

3. 03' 17-811-82 

3 -91  -85 

3  Xl  Xj 

4.88 

49-3 

3.19,16.8:2.93 

J.  11, 03 

7X1    1  X^  X 

3.6J 

171 

1.17 

9.1  1.87;   1.7[  -68 

S.12 

49-3 

3.09  17.0,2.90 

S-2,i-oe 

ziXi  X 

3-87 

.7.8 

1.14 

ili'\T.  '7.« 

3   XiJXA 

S-74 

52.2:3.011 19.6!  2.67 

6.5:1.0^ 

J  Xi  X 

4-'3 

18.7 

1.13 

3iX2lXl 

S-38 

51.3-3.091 18.5  2.77 

8.01.2s 

J  xMx 

4-37 

18.7 

1.07 

'9^ 

1.90   5.21.09 

3ixilxA 

6.06 

S4-0  2.99:21. 2!z.s5,io.i|i.is 

4  X3   XA 

6.68 

55.7  2.89:i2-8|2-44|  14-8  1-4? 

8X1 

1   X2   X 

3.88 

14-4 

251 

9.8 

1.48    1.7   .66 

1        1        1 

1  XI  X 

4-11 

as-6 

1.49 

10.9 

1.34  3-1    -87 

wxA 

iiX2  XA 

6.07 

58.63. 10I19.1  3.07   4-l[  -83 

I  XsiX 

4.38 

2U 

1.41 

no 

2.33'  3-1    -84 

S-7S 

57.63.16  18.23.16,  5-3    .g( 

■  X.IXA 

4-94 

17.1 

2.34112.5,1.16,   3.9,   .89 

3   Xl  XA 

3iX2  xl 

6.37 

61.23.10I11.0191,  6.71.0; 

3   X2  X 

4.38 

26.8 

1.47;  1 1- 1 1 2.11;  s-i:>-o9 

6.01 

60,013.16119.8,3-03]  8.2I1.1; 

3   X!  X 

4.61 

16.8 

2.4I,12.lll.22      5-2   1.06 

3iXi  XA 

6.69 

63.4 

3.o8M.7|2-8o,io.3|i.2! 

J   X2  XA 

'If 

1B.7 

1.30113-61.04   6.;  i.ii 

4  X3   XA 
4  X3   xl 

7-31 

65.5 

1-99 

24.3  2.69  15. i|l.4^ 

3IX1   X: 

17.9 

1.3913.32.10   8.0  1.28 

B.09 

68.3 

2.91 

27.22.s1j18.2ll.s1: 

3IX1  xA 

S-S6 

19.1 

2.19,15.1  1.9410.1,1.3s 

S  X3  XA 
!   X3   XJ 

7-93 

69-1 

2.96 

27.82.49,18.7.1.91 

1        1        1- 

8.85 

72. 

2.85 

3l.ll.32  34-4:'.9! 

sxft'iiXi  XA 

S-44 

31-7 

2.41  I3-S1.3S    4-[i  -87 

S   X31XA 
S   X3*X1 

8.15 

693 

1-89 

27.61-Sl  lR.81.8; 

,3   Xj  Xl 

5.11 

3i.3ii.47'i2.92.4zi  S.3ri.o» 

9.23 

72.4:2.81 

3o.R'2-3s  34.6  1,94 

Is   XI  XA'  S74 

33.22.40  14.8-1.14'  6.7,1.08 

3lXi)Xi  1  S.38 

32.6:1.4614.21.30    e.11.14 

loxi 

3   XilXA 

6.99 

69.53.I512.2'3.I3    6,91   .% 

six.lxA!  «.«i 

»f>Y-T'°t" 

3iX2ixA 
4  X3   XA 
4  X3   xY 

7-3' 
7-93 

71.13.14  23.93.01  10.61.21 
74.53.07  «5-9  1.88  15.5  1.41: 

8X1 

JIX.IXA'  «.!6 

39.1 2.44 17.1 1.19 10,6 1.18 

8.71 

77,82,9918.7^2.71  18.6  1.4c 

'4  X3  XA!  7'8 

40.62.38,18.1  1.11  i5!!i-47 

5  X3   XA 
S  X3   xi 

8.5S 

78.9I3.03  29.3  2.6929-7  '-8; 

4  X3   xi  j  7.96|  4^.5  1.31  10.32.Q91R.61.sj 

9-47 

81.42.9432.82.5135.1  193 

9X1    iiXiiX     :  4-63I  3S-4'276i3-2'2.68:   m!  .81 

iiXl 

3   XiJX 

5.62 

81.23.8022.213.65'  5-1    ■9( 

■3  Xl  X     4-63'  37.3  2.84:  n-siJ-??  s->  i-°s 

3   XilXA 

3ix4xi 

6.1+ 

86,2  3,73  25.63.37   6.5  1.0a 

3   X2iX        4-871  37.02.7s14.5l1.s5    5-^ '-03 

B4.3  3.78  24.1  3-49    ?-Ol-l7 

'31X2IX     1  5.13    J8.4  2.73  [5.81.43.  8,0  1.15 

3iXilXA 

5.56 

89.i'3-67  17-83-20  10.1  1-24 

1                     1          '          '        1        1 

4  X3   XA 

7.18 

91.0:3  5830.23.05  14.81.44 

9XA)   XijXA'  6.0SI  4S-8  2.7S'7.s!i-6i'  6.71.05 

5   X3   XA 

7.80 

96.8  3.51  34.J  1.81  28.119c 

|3iXiiXA   6.37|  47.S2.73  i9.oi-SOio-3|i.i8 
IslXllxf  ;  7031  49.!2.6sl2(.I2.34l2.4'l33 

5   X3   Xj 

8.72 

100.813.41  38.62.61  33.8  1.97 

S   X3iXA 
S   X3ixr 

S.11 

96,813,4s  34-0  2-85. 28.5  i.n; 

4  Xj  Xft   6.99J  49-1  2-65  20.1 1.41  iS'Jj'^S 

g.io 

ioo.6|j.33|38.i,2.64;33-9,i.9J 

B,Googk 
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TABLE  12.— Continued. 

Pkoperties  of  Cbobd  Sections. 

McClihtoc-Marshall  Construction  Co,  Standakds. 


Procicrtkiof 
Two  Anglci  and 
Oiw\^Pbte. 


1 
1 

•3 

1 

A=»A-A. 

Aii«B-B. 

i 

i 

Aii*A-A- 

AbiB-K 

1 

1 

•30 

i| 

1 

1 

■1 

1 
•5 

1 

•3 

Si 

=5 

B 

si 

k 

j 

H 

1 

1 

A 

Ia 

r» 

s* 

e 

}o_ 

IB 

A 

Ia 

'» 

_Sa 

e 

la     <■ 

fa..   I* 

In. 

Id. 

"iI7 

In.' 

^ 

In.' 

in. 

In.' 

m. 

to. 

la. 

In." 

to.< 

In. 

In." 

V 

iXft 

3   X2  XI 

6-3  7I  94-8 

3.84  24.0 

395 

5-3 

.91 

iiX) 

4  X3   X 

11.50 

168.63.67,49.1 

3^3  rf^'i-#g 

J   X2  XA 

6-99,100.7 

379,17-S 

3.67 

6.7 

■98 

5  X3   X 

11-711166.4  J.76  46.8 

3.SS  50-5  1-77^ 

3iX2  xY 

6.63]  98.S 

3.8615.9 

3.81 

8.1 

S   X3   X 

13.50:178.13.63  5S.9]3-i9  48-91-901 

3IX2  XA 

7.31104.5 

3.78119.6 

3-S3 

10.J 

1. 10 

5  X3  X 

14.00,178.2  j.s6  55-7 

1-10  49-7 'S^ 

4  X3   XA 

7,93  107-9 

3.7031-0 

3.37 

IS."  >.38 

6  X3  X 

12,84174-11-6951-0,3.3561.61.19 

4  X3   Xi 

8.7^111.83.6035-8 

3-15118.2:1.44 

6  X3  X 

15.00  186.3j3.s1  62-1  3-00  82-0 1-J4 

S   X3   XA 

8.5SI13-8I3.64 

36.3 

3.1318.71.81 

6  X4  X 

15.50  186.3j3.s2  61.S  J-03  81.5  2.JI 

S   X3   Xi 

9-47119-0,3-55 

40-9 

1-91,34,4,1-91 

1                           I         1        ' 

s  X3ixA 
S  X3iXi 

B.87;ilJ.9'3-S8 

36.4 

3.1328.8,1.80 

14x1 

4  X3   X 

10-11  196.54-39! 47-8  4-11  18.6  i,i! 

g.85  ii9-0;3-47 

40.9 

J.92 

34.6  1.88 

5   X3   X 

10,97,207.414.34:54.1  3-8J  3S.1 17^ 

1 

5  X3iX 

11-35. io7-S;4-i8,54^,3-8i  JS-Ji?^ 

2X1 

J  XilXA 

saisis 

»9-3 

3-91 

6.9    -95 

6  X3ix 

12.09  n6.6  4.23.60-5  J.S9  S».6 1-K; 

3lXiixA 

31.4 

3-77 

6  X4  X 

11.47116.7 

4.1660.53.5959-?*"; 

4  X3  XA 

8.68112.73-76 

34-0 

3.61 

i 

1          II 

9.46118.43.68 

38.0 

3.38 

i8:6|,:;o 

I4X* 

4  Xj  X! 

13-50  258.2 

4-37  6i-2Vi«  1*4 '-<i 

S  X3  XA 
5  X3  X! 

9.30,129.9  3-74 

J8.4 

3.38 

29.21.77 

5  XJ  X 

14-50' 173  ^3 

4.3470-1  J-8948.9'j«^ 

io-2iii3S-8|3-64 

43.1 

3.I43S."I'-8S 

S  X3iX 

15.00273.5 

4.17  70.813.87  49-ii-" 

s  X3  XA 

9.62129.5.3.80 

38-4 

3-3729.4l1.75 

6  X3iX 

13-84  265-7 

4-38 

6s.J4^6lAMl 

s  X]  xi 

10.60,135.8.3.58 

4J.I13.153S.3  I'82 

6  XjlX 

16.00  285.3 

4.11 

78-3,3.64  8aj>iJi 

6  X3   Xf  ]ii.34'i4«-8  3.S4 

47.911.9659.61.30 

6  X4  X 

16.50  2S5.0 

4-16 

78.13.6581.51.14 

6  X4  xi  ;ii72i4S-03.5i 

48-7)1-98:59-61.16 

1 

1                  1 

1    I    1 

i6Xi 

S  X3IX 

11.10199.6 

4-98 

66_4,4.si  35.3 170 

2XA 

4  X3   XAio-99I49-I3-6B:4S-i'3-3i|".3'i.4J 

6  X3IX 

12.84  311-6 

4m 

7 J -3, 4-17  59-7 »■" 

|S   Xj   Xj    10.97  iSo-0  3-69;44-B:J-3S'3S-8,i-8i 

6  X3iX 

15.00334.7 

4-7» 

88.1  3.80  BOJ)!.?! 

Is  X3IXI    11.35  151.5  3-oS,4S-i|j'3Si3S>9 '-78 

!       ■ 

Is   X3iXAiJ.3i'i57-i3-S7 
6  XjiXI    11.09158.43.62 

49.613. i7i42.o  1-85 

i6xi 

6  Xj  X 

14.84381.515-09 

79-514.81  6iJ,m 

50.i3.i6;6o.6i-24 

6  Xj  XA 

15-94  399-0JS-03 

87-S!4-S5  7i.9J-fa 

|6  X3iXAi3i9:i64  3  3S» 

S5.01.99l  70.6 1.31 

6  Xj  X 

17.00411.414.91 

95-5:4.ii;8Mi.ifl 

16  X4  XAi3-6iji64-4  3-48 

S4-8|3.oo;70.6;i.i8 

6  X4  X 

17-50  4ii-i4-8si9S-6  4-Ji,8».5  HT] 

D,qilizMb,G001^IC 
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TABLE  13. 
ntoPERTiES  OF  Top  Chord  Sections. 


A.bi..j..iHJ:.i 

Sun 

l—AoM 

One  Cover  Phte. 
Angki  Tnined  Out. 

is 

Edits  a(  AdsIm  FltMh 
with  Edgei  of  PUU. 

Sole.  I. 

s*...                          1 

1 

1 

Si 

j 
1 

AiUA-A. 

AiIaB-B. 

! 

3 

1 
1 

AxhA-A- 

«„.| 

11 

■Sg 

'A 

Hi 

1 

1 

1! 

ll 

Ig 

I 

il 

i 

A         Ia 

Sa 

c 

.. 

ra 

A 

Ia 

r* 

8a 

". 

I, 

Id. 

,o.l 

In. 

In.t  \    la.' 

.86 
i.iS 

In.' 

la. 

In.. 

to. 

In. 

In.t 

In.' 

In. 

In.' 

In. 

In.' 

In. 

3-14 
2.91 

m  it 

Im 

I:; 

S-8 
9-0 

t 

*8.! 

,9.0 

^:g 

^41 

S-I 

■90 
1.23 

6.6 
10.6 

i\ 

%i 

lOlA 

W  li 

6-SC 

n 

,:fS 

6.3 
lao 

■33 

•57 

«.7 
Si' 

5;g 
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ii.S 

46 
■73 

§:I 

1.90 

l"l 

S.6i 

iS.S 

.;?i 

•■S* 

6.4 
•S-S 
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iS.6|i.54 

8.0 
11.7 
194 

J 

,.s.. 

119.7 

I3J.0 

3.89 

3-ri 

3-Sl 

lul 

7.11 

7-88 
9.6j 

44 
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a 
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I.I5 
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m 
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TABLE    14. 
Phoperties  of  Top  Chord  Sections. 


^^si            ..trq:;:»         ,sr.S-.iSt. 
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TABLE   15. 
pKOPERTiEs  OF  Top  Chori 


!^ 

One  Vltb  Plale                                            H            ^ 
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11.06 

85,8  1,79 

41.1 

HI 

464 

1.06 

11.31 

91,0,2.75 

46-7  1-49 
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TABLE  16. 
Properties  of  Top  Chord  Sections. 
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Propenlsof 
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35.13 

1.91 

1141.9 

1577-3 

S-69 

6.69 

"7 

iiB 

36.48 

1186.4 

1618.9 

S-70 

6.66 

119  1 

»xi 

■4i 

37.48 

i!i8 

2110.7 

5.70 

7.51 

'.? 

;;    ,.  , 

1:0  1 

38.86 

1.+8 

u6o:6 

2176.. 

S-70 

7-i8 

" 

Uooi^IF" 


STRUCTURAL  TABLES. 

TABLE  18. 
Upset  Screw  Ends  for  Square  Bars. 

i   BRltxiE  COMPANV  STANDARD. 


.UA^AAA 

/IMtAJMMMMAMK— 

. 

L.I       .11 

111^ 

-■ 

-yrr-rr. 

wwmwmwj:- 

Pttd  ud  Stupe  of  Thread  A.  B.  Co.  Standi>rd. 

BAR. 

UPSET. 

Side  of 

iSL. 

Weitht 
Lbi. 

b, 

Lerath 

iJbu. 

UpM 

.-as.- 

Dlanutcr 

^.        I 

AC  Root 

0,563 

1.91 

li 

4 

, 

0.939 

0.69] 

13.1 

0.7M 

2.60 

ii 

4 

;l 

1.064 

0.890 

i6j 

i.«o 

3-40 

ii 

4 

4 

1.283 

1.294 

294 

1.166 

4-30 

•1 

4 

ll 

I.J89 

1.515 

"9-7 

ts6> 

S-3' 

1] 

4i 

4) 

..6.S 

2.049 

31.1 

I.B9I 

6-*3 

* 

4) 

4 

1.711 

a.joo 

31.7 

Z.1SO 

7.6s 

»i 

5 

5 

1.961 

3.011 

34-3 

i.6«i 

8.98 

zl 

S 

4) 

i/)86 

3-4"9 

*9-5 

].o6j 

10.41 

2i 

5l 

4) 

2. 175 

3-716 

21.3 

).S.6 

11. 95 

2I 

St 

S 

J43S 

4^19 

31-4 

4.000 

13.60 

zi 

6 

S 

2.550 

S.108 

17.7 

4S>6 

"5-35 

3 

6 

4) 

2.629 

5-418 

20.1 

S.06J 

17.11 

jj 

6i 

!l 

a.B79 

6.509 

18.6 

S.6,, 

19.18 

3) 

7 

6) 

3.100 

7-549 

33-8 

6.250 

2 1. 25 

jl 

7 

7 

3-317 

8.6<i 

38-3 

«.S91 

»3-43 

jj 

7 

Si 

3-J'7 

8.641 

*S-4 

7-563 

aS-7> 

i 

7i. 

6J 

3-5^7 

9-99J 

J2.1 

8.266 

28.10 

Ai 

s 

71 

3.798 

II.J30 

37- < 

9.000 

30.60 

4i 

8 

6 

3798 

11.330 

»S-9 

9.766 

33  ■» 

4i 

8} 

' 

4.028 

12.741 

30-5 

,0.563 

3S9i 

4l 

H 

7l 

4»SS 

14.211 

34.6 

UpscU  marlied  •  ire  special. 

reabyl^OOl^le 


STRUCTURAL  TABLES. 

TABLE  19. 
Upsbt  Scrbw  Ehds  fok  Round  Baks. 

t    STANDABD. 


1 

[S 

1 

if                                  ■ 

L -.  _  _     _    ._! 

"—1 
Pitch  ■»]  Stttpe  of  ThRBd  A.  B.  Co.  Stuidud. 

BAR. 

UPSET. 

tMuueta 

Ana. 

^^. 

DiuKter        Ui 

b. 
Indic          IM 

nrtl 

MI. 

^        1 

IS: 

OntAita 
o(B«,!5. 

•» 

0.+41 

I. SO 

I 

0.838 

o-SSi 

H-? 

•i 

0.601 

1.04 

l| 

1.064 

0.890 

48.0 

I 

0.7BS 

1.67 

l| 

1.158 

1.054 

34-i 

It 

0.994 

3.38 

■1 

..183 

1.194 

30.i 

u 

1.M7 

4-17 

l| 

1-389 

1.515 

13.S 

■I 

M8s 

S-°S 

■i 

1.490 

1.744 

I7-S 

li 

1-767 

6.01 

2                  1 

t 

4l 

1.7  II 

i.300 

30.1 

ii 

a.o74 

7.0s 

!|                     4 

1 

1.836 

2.649 

17.7 

■1 

1405 

8.18 

•i 

1.961 

3-011 

15.6 

ii 

..761 

9-39 

*l 

a.o86 

3.419 

13.8 

a 

J-Ui 

to.68 

>i 

I 

1.175 

3.716 

18.3 

'1 

J-S47 

11.06 

ll 

I 

3l 

1.300 

4-1S6 

17.1 

il 

3-976 

>3-S» 

Jl        I 

(I 

^■550 

S.IOS 

J8.4 

•i 

4-430 

.5.06 

3                  « 

«! 

1.6Z9 

5-428 

22.5 

'i 

♦■909 

16.69 

Ji             < 

■i 

!l 

1.8TO 

6-509 

32.6 

■1 

S-4" 

18.40 

]i        ' 

■i 

4) 

1.879 

6.509 

20.3 

>1 

S-940 

10.19 

)1       I 

5) 

3-100 

7.549 

27.1 

■1 

6-49i 

11.07 

)l          ; 

3-317 

8.641 

33-1 

3 

7.069 

14-03 

Jl          ; 

3.3'7 

8.641 

31.2 

II 

7.670 

26.08 

4           7 

1 

3.567 

9.993 

30-3 

!l 

8.196 

ZS.2I 

+           7 

i 

3-567 

9993 

M-S 

II 

B.946 

30.41 

4i                « 

Si 

3-798 

11.330 

26.6 

!l 

9.611 

3J.7I 

4i                « 

3.798 

11.330 

17.8 

!l 

lO.JlI 

3S.09 

<l                « 

i 

Si 

4.018 

11.741 

13^ 

Jl 

II.04S 

37-55 

<1                « 

i 

4.»S5 

14.111 

18.8 

tl 

11.793 

40.10 

4l              " 

i 

Si 

4.*55 

14.221 

10.6 

Ol» 

.m.rkcd 

•  are ipecu 

1. 

D.qilizMb,G00>^le 


STRUCTURAL  TABLES 

TABLE  20. 

SiAMDAED  Eye  Bau 
Ambkican  Buimse  Coupanv  Standabds 


Okdinaby  Eyb  Bars 

li 

ll 

m) 

hJJ 

»" 

Kus 

B«. 

SCUWEMD                              1 

i 
I 

^- 

i 

Max.  Pfn 

Add.  Material  A 

JB 

3 

4 

i 

i 

1 

Add.  MUoial  B| 

fr 

1 

3 

i 

i< 

la 

Pf 

3 

i 

i 

' 

i 

4 

2 

1 

37-S 

::: 

0-1 1 
1-  4 

a 

• 

:i 

11:6 

31-4 

4 
4 

!5 

8 

ii 

1 

6 

7 
•  8 

3 

4 

40.0 

2-  o 

O-IO 

'-  7 

2i 

1 

1 

16-7 

5 

5 

11 

s 

7l 

3 

li 

1 

4 

3 

4 

41-7 

I-II 

1-  5 

3 

1 

i 

34-3 
41.6 

5 
S 

>3 

^ 

4 

II 

i 

•i* 

1 

'  37^5 ' 

i:'i 

;:.s 

4 

it 

'3  9 
3a.o 
35-7 
44.6 

s 

61 

'3 
ti 
13 
•4 

S 

1 

•IS 

1 

a 

3SJ3 

t-  I 
a-  8 

tl 

5 

:i 

>i 

36.a 
»4-i 
30.a 

6 
6 
61 

7 
7 

ti 
>3 
14 

8 
7 
8 
8t 
9 

6 

1 

8 

37-5 

a-  4 

tl 

7 

it 

i6 

17 
•i8 

I 

3S-7 

i-ii 

%-  4 

l-II 

6 

5i 

HI 

33-* 

37-3 

7 
7 

I' 

'3 

5' 

3 

8 

•9 
•ao 

7 
8 
9 

37-S 

3-0 
3-  4 

»-II 

7 

♦ 

a6.9 
I9-S 
3M 
JS-4 

5' 
II 

•3 
"4 

s 

81 

2. 

9 

•m 

;) 

38-9 

,. 

^.1 

14 
•is 

a 

35-0 

3-  S 
3  -9 

»-IO 

3-  3 
3-  7 

8 

4 

iS-9 

*7-4 
»9-3 
3M 

1! 
1. 

•3 
13 
14 
IS 

3 

9 

lO 

" 

") 

37.5 

3-  3 

3-8 

Bars  mwked  •  «bauld  caly  be  used  when  ob- 

Mlnlmum  length  of  short  end  from  CTnter  of  pin 
to  end  of  screw  6'-6".  prefeiably  f-a". 
Thread  on  short  end  to  be  left  hand. 

14 

J3 

ti 

•4 

3S-7' 

3-  9 

?8 

I6 

36 
•37i 

■fa 

37-S 
344 

4-11 
S-  5 

4-  S 
4-IO 

E 
«olu 

I 

Ulyuiu 
>educt  I 

ked  *  should  only  be  used  when  ab- 

voidabl«. 

In  Holes  when  figuring  weighw. 

Cn 

(")«;■! 

STRUCTURAL  TABLES. 

TABLE  21. 

Loop  Rods. 

ahkricah  bsidgb  company  standard. 


Plich  uid  Sbap*  of  Thmd  A.  B.  Co.  Sundanl. 

AoDinoMAL  Lbncts  "A"  in  Fbbt  and  Inches  for  One  Loop. 

A-4.i7P  +  sJ9lt. 


■■  R  "  or  Rod  iB  iDcba. 


n 


3-  3* 


Pins  marked  •  are  special.     Maximum  ahipping  length  of  "L"  ■■  3S  feet. 


D.qilizMb,G00>^le 


STRUCTURAL  TABLES. 

TABLE  22. 

Clbvisbs. 

american  budge  cohpaky  standaxd. 


All  dimenMons 

n  inches. 

® 

m 

Grip  -  thlckH-  of  pUu  +  r. 

P 

^.       1 

w- 

w 

a 

1 

F 

1 

StiS^ 

Nou 

kf 

^ 

li 

T 

Mai. 

Mlo. 

Uu. 

Ulo. 

N 

B 

] 

4 
S 

6 

7 

3 

S 
6 

7 

■1 

=1 
3 

3i 

ll 

2i 

1* 

J 
1* 

3A 
4) 

^ 

1 
I 

1 

i 

S 
6 

7 
8 

'1 
*1 

ll 

ll 

2i 

ll 

i! 

li 
»1 

1 

>I 

3l 
4l 
5 

Clbvis  Nvubrks  fob  Vabiovs  Rods  and  Pins. 

Rod.. 

1 

RouDd 

Sqiun 

Ul-rt 

.1 

i( 

'I 

"J 

2i 

a| 

3 

3) 

« 

1 
1 

•  i 
ll 
l| 
1) 
li 
li 
■I 

■1 

'i 
'I 

1 

1 

II 

..... 

I| 

■i 
■1 
.1 
<i 

It 
'i 
•t 
li 
■1 
li 
■I 

li 

■i 
•1 
>1 
.1 
■1 

3 

3 

3 
3 

4 

; 

7 

? 

4 
4 
4 

4 

4 
4 

4 
4 
4 

4 
4 

4 
4 

4 
4 

5 
5 

S 
S 

5 

S 

5 
5 

S 
S 

s 

s 

s 

-t 

6 
6 

7 

S 

s 
s 
s 

S 

s 

s 

6 
6 
6 

6 
6 
6 

6 

6 
6 
6 
6 

5 
6 
6 
6 

6 
7 

7 

Uftofthi.  li 

to  be  uicd  with  the  Rod.  and  Pin.  given  above. 

above  and  to  right  of  zigzag  line  may  be  uaed  with  forici  straight,  tboie  b< 

e  ihould  have  forka  cloied  wo  aa  not  to  overatresa  pin. 

Jowuif 

i^oQt^le 


STRUCTURAL  TABLES. 
TABLE  23. 

TUBNfiUCKLBS  AND  SleBVB  NUT3. 


TURNBUCKLBS. 

SLEEVE  NUTS. 

ifl,  V          i-"^— ■'^■■+'*i 

. 

J                  K>i*-+*-n^ 

B=I 

:t5ss]=d:^^k=) 

r^ 

nuk  u^  rittt*  of  tbnad.  A.  B.  Co.  St»>d»L 

FIbiuid 

■li.|i.ofUiR.d.A.  B.Co.Stutdwl.        1 

DIua. 

II 

2' 

1 

Screw. 

U 

D 

L 

C 

' 

G 

^ 

^& 

u 

.  1* 

I- 

A 

^ 

C 

' 

ft 

7l 
7ft 
71 
7H 

^ 

^ 

Ift 

* 
> 
* 

1 
1 

l 

} 

i| 

'.'.'.'.'. 

1 

1 

} 

I) 

)} 

tl 

A 

ift 

l) 

}{ 

7] 

4 

A 

Ift 

l) 

ij 

s| 

Ift 

)i 

I 

Ift 

81 

u 

1 

»i 

r 

II 

7 

Il 

i| 

■1 

1 

3 

, 

■1 

9 

Ift 

ft 

■ft 

, 

11 

7 

II 

i| 

II 

1 

) 

II 

l» 

9l 

Ift 

■ft 

11 

II 

7l 

1 

■A 

■  1 

ft 

4 

li 

•ft 

9i 

lOl 

Ift 

iH 

■1 

3ft 

11 

ll 

2 

7l 
S 

"1 

■ft 
■1 

II 
II 

ft 

1 

4 
S 

■1 

■1 

=ft 

lol 

.01 

li 

3ft 

3l 

lO 

II 
ii 

■1 

S 
SI 

■1 

■1 

■i 

3A 

II 
II 

• 
ft 

6 
8 

•i 

il 

111 

•1 

3i 

II 

■1 

81 

»! 

3ft 

II 

ft 

9 

t 

3 

"1 

«ft 

31 
4l 

II 

■1 

9 

9 

3I 
3l 

3l 
3l 

■1 

■1 

1 

1 

10 

'1 

3ft 

■>} 

rf 

H 

4l 

■1 

■i 

9l 

3l 

4ft 

■1 

ft 

14 

>1 

3l 

111 

■H 

U 

4l 

■1 

■1 

91 

3l 

4ft 

■1 

ft 

'S 

'i 

3A 

111 

•i 

U 

4l 

■1 

3 

10 

II 

41 

■1 

1 

IS 

>l 

3i 

I3l 

Jft 

H 

Si 

■i 

3 

10 

Jl 

4l 

ll 

1 

19 

>l 

<i 

I4l 

31 

H 

Si 

■1 

31 

10! 

4l 

4« 

1| 

« 

13 

■I 

4ft 

Ml 

3ft 

Ift 

<* 

J6 

■1 

3l 

II 

4I 

Si 

31 

1 

17 

3 

4i 

>S 

3l 

Ift 

«l 

40 

3 

]| 

„ 

4l 

Si 

Jl 

1 

iS 

!i 

4l 

■Si 

3l 

Ift 

61 

SO 

)1 

II 

III 

S 

sH 

3l 

H 

JS 

)1 

Si 

lit 

4l 

Ift 

71 

6S 

3l 

4 

iJ 

Si 

61 

3l 

1 

40 

Jl 

Si 

■71 

4ft 

Ift 

SI 

9S 

3i 

4l 

i.l 

5l 

6H 

3l 

H 

47 

4 

6 

18 

4l 

Ift 

!1 

io8 

4 

41 

IJ 

61 

7ft 

4l 

I 

ss 

•4l 

6t 

..i 

41 

il 

!ft 

91 

140 

4l 

4I 

13! 

61 

71 

4l 

Ift 

fis 

•4» 

6J 

"1 

St 

il 

1 

loi 

"9S 

4l 

S 

14 

61 

7H 

4l 

Ift 

7S 

M 

71 
7l 

■Jl 
»4 

Si 

6 

6) 

III 

ISO 

ij 

61 

III 

•n^ 

.^■- 

L_j 

\"" 

"   " 

"^^ 

STRUCTURAL  TABLES. 


TABLE  24. 
Budge  Pins  and  Nuts, 
ahekicak  bu[k>e  company 

All  Dimensions  in  Inches. 


!, Pj»H!»_i>«!W3i  »ssVfn J* 


J*i 


DlameCer  of  Pin, 


1 


PN  1 
PN  » 
PN  J7 
PN  ti 
PN  19 
PNjo 
PNji 
PN  3J 
PN33 


D.qitizeabyG00<^lc 


STRUCTURAL  TABLES 


TABLE  25. 
CoTTBR  Pins. 

UIBMCAN  BUDGE  COHFANY  STANDAKD. 

All  Dimensions  in  Inches. 


! 

^.... 

■a^ '^■f'i 

^ 

•i'''^— "O— -i-W 

k    ' 

/r\T 

B 

t      {J^)i! 

f 

A. 

' 

' 

VnTiCAL  PiH  Pnnswn. 

HOUWNTAL    PlM    ROOOH  OB  FiNISHm.            | 

Pla. 

Hod. 

G 

Cotter. 

Mil. 

Cotta.              1 

P 

H 

C 

D 

P 

C 

»      1 

:i 

:l 

, 

l\ 

;i 

i^. 

ii 

» 

+ 

3 

I 

+ 

1 

Jl 

^ 

s 

|i 

1 

1 

3 

1 

•' 

6 

3 

3 

1 

6 

obfGooi^lc 


STRUCTURAL  TABLES. 

TABLE  26 
Bbabing  Valubs  or  Pins. 


Pin. 

Barina  Value  olPbtei" 

Thick  (Of  UnJl 

SMMpcrSq 

Biclnchof 

DiuB.  (rfFb 

Dl>m.liilit. 

Am. 

11  000 

IS  000 

20  000 

21   000 

14000 

i.1.. 

, 

.78s 

12000 

lis 

22   500 

a6  300 

10  000 

22   000 

24  000 

■ 

1.Z27 

1.767 
1405 

15  000 
iS  000 

»5  «» 
30000 
35  »» 

17   500 

33  «» 
38  500 

30000 

42  000 

= 

J.  141 
3.976 
4909 
5-940 

14  000 
17  000 

30000 
33  000 

30  000 
33  800 
J7  500 
41  JOO 

40  000 

45  «» 
SO  000 
55  000 

44000 
49  500 
S5  0«' 

60  500 

48000 
66000 

i 

9.611 

iiJHS 

36000 
39000 
41  000 
45  000 

US 

51  500 
56  300 

60000 

65000 
70000 
7S  000 

66  000 

71  500 

77000 
82  500 

PS 

84000 
90000 

4 
4 

4 
4 

11.566 
14.186 
1S.904 
I7.7»i 

48000 
ji  000 

S4«» 
57  000 

60000 
63  800 
67500 
71  300 

So  000 
85  000 
90  000 
95  000 

88  000 
93  500 
99  000 
104  soo 

96  000 

108  000 

114000 

S 

s 

s 
s 

23.758 
»S-96r 

60000 

^^ 
69000 

22  ;s 

100  000 
105  000 

IIS  000 

no  000 
I'S  500 

110  000 
126000 
132  000 
138  000 

6 

28.174 
30.680 
33.183 

3S78S 

71000 

78  000 
81  000 

90000 
93  800 
97  500 
101  300 

120  000 
115  000 
130  000 
13s  000 

132000 
137  500 
143  000 
148  500 

144  000 

ISO  000 
156  000 
161  000 

6 

7 
7 
7 

7 

38.485 
41.2S2 
44179 
47.I7J 

84000 
87000 
90000 

93  «» 

105  000 
1^  800 
111  500 
116  300 

140  000 
145  a» 
150000 
155  «o 

154  000 

170  soo 

168000 
174  000 
180000 

186000 

7 

7 

7 
71 

8 
S 
S 
8 

SO.26S 
53.456 
56.745 
6o,i3» 

96000 
99  000 

■01  000 

los  000 

IK)  000 

123  800 

127  500 
13"  300 

160000 
165000 
170000 
175  «» 

176000 
181  500 
187000 
191  soo 

192  000 
198  000 

Z04000 
110  000 

8 
8 

8 

9 

9 
9 

63.617 
67.201 

70.881 
74.661 

108  000 
111  000 

114000 
117000 

141  500 
146  300 

180000 
185000 
190  000 
195  000 

198000 
103  500 
209  000 
114  500 

216  000 
111  000 
228000 
234000 

9 
9 
9 
9 

10 
lO 

78.540 
81.516 
86.™ 
90.763 

110  000 
113  000 
126  000 
129000 

ISO  000 
1S3  800 

"57  500 

,81,00 

200  000 
205  000 
210  000 
US  000 

110  000 
215  S<» 
231  000 

136  s<» 

151  000 

15B000 

10 
loi 

io| 

ill 

108.434 

131  000 

141    000 

16s  000 

i^  800 
17*  S<» 
176  300 

lis  000 
230000 
235  000 

243  000 

147  500 

253  «» 

258  500 

164  000 
170000 
276000 

282  000 

tl 

12 

113.097 

144000 

iSo  000 

240000 

264000 

1B8  000 

1. 
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TABLE  27. 
Bbndihc  Moments  on  Pins. 


Pin. 

Mu.  Mwnenti  In  lach-Poimd.  for  Kber  Slna  per 

Squuelnchof 

ss 

Diwn. 
In  In. 

^ 

15  000 

iS  000 

20000 

22   000 

22  500 

14  000 

25  000 

■7«S 

2.40J 

5^ 

1  770 

\% 

9470 

5  830 

6  630 
10  500 

2  160 
4    220 

7  *90 
II  580 

4  Jio 
7  460 
11  80a 

4| 
12  6jo 

a' 45* 
4  790 
8  280 
IJ  200 

1 

\ 

3.14; 

3-976 
4909 

S-940 

u  Soo 
16800 

2J   000 

30  600 

14  100 

36  800 

IS  700 

22  400 
JO  700 
40  800 

17  280 
24  600 
33  700 
44900 

17  700 

25  200 

34  500 
45  900 

18  800 
16800 
J6800 
49000 

38  300 
51 000 

i! 

S5 

9.611 

39  800 

77  700 

47  700 
60  700 
75  800 
93  100 

67  400 
84  200 
103  500 

58  300 
74  100 
92  600 
113  900 

59600 

75  800 
94700 

IlSjOO 

63  600 
So  900 
101  000 

114  300 

66  300 
84  300 
105  200 
129400 

3, 

n 

3l 

4 

12.S66 
14..86 
'5-904 

17-7" 

94  200 
113  000 

134  100 
157800 

113  100 
"35  700 
161  000 
189400 

i»S  700 
150  700 
178  900 
210400 

138  200 
165  800 
196  800 
231  500 

201  300 

236  700 

150  800 
iSo  900 

114  700 

151  500 

157  100 
188400 

223  700 
i6j  000 

4 
4 
4 

4 

*3-7S8 
IS.967 

184  100 
213  100 

120  900 
255  700 
194000 

336000 

326  700 
373  300 

270  000 

3"  500 
359  300 
410  600 

276  100 
319  600 

367  500 
419900 

294  SOO 
340900 
392  000 
447  900 

306  800 

5 
S 
S 
5 

6 

18.274 

J3I83 
35-785 

318  K» 

404400 

4SI  900 

381  700 

48s  300 
S43  500 

424  100 
479  400 
539  MO 
603  900 

466500 
5*7  300 

477  100 

679  400 

508  900 

SIS 

724600 

S30  100 

754800 

6 
6 
6 
6 

7 

7* 
7l 

38485 

41,282 

44179 

47- '73 

S05  100 

Sis 

685  SCO 

606  100 
673  400 

58  iS 

818  400 
914000 

740800 

8jj  100 

911  200 

I  005  400 

757  700 

S41  800 

931  900 

I  018  200 

808    200 
897900 

.SIS 

841  800 

935  joo 

I  035  400 

1  142  500 

7 

7 
7 

7 

8 
8 
S 
8 

50.165 
53-456 
50-74S 
60.132 

816  900 

904800 

992  300 

I  085  300 

I  183  900 

1  005  300 

I  205  800 
1  315  400 

1  105  800 
I  112  800 
1  J16400 
1  446  900 

1   131  000 

I  356  600 

I  479  800 

1  106  400 

1  313  000 
1  447000 
1   578  500 

1  156  600 

I  378  100 

8 

I 

9 
9 
9 
9 

63.617 
67.201 

70.881 
74.661 

1  073  500 

I  162  600 
I  364  900 

1 398600 
I  S15  100 

I  637  900 

I  431  400 

1  683  500 
I  819  900 

I  574  SOO 
I  709  400 

1  851  800 

2  001  900 

1  6io  300 

I  748  300 
I  893  900 
1047  400 

1  717  700 
1  864800 

1  l8j  900 

1 789100 

1  94a  500 

2  104  300 

1 274900 

9 

11 

78.549 
82.516 
86-590 
90.763 

I  471  600 

I  585  900 
I  704  700 
I  829400 

1  767  100 

1  903  000 

2  045  700 

2    195    300 

1  963  500 

2  114  500 
2  273  000 

2  439  200 

2  159  800 
2  325  900 

2  208  900 

1  378  800 

1  5S7  100 

2  74*  100 

1  356  200 

2  537400 
1  717  600 

I  9*7  '00 

1  841  200 

J  049  100 

1 

;; 

95-03! 

1OJ.869 
108.434 

1  960  100 

2  096  800 
2  139  700 
2  388  900 

\  Ml  'Z 

1  6876^ 

2  866  700 

2  613  400 

3  185  200 

1 874800 

3  075  200 
3  284  900 
3  503  800 

1  940.100 
»  I4S  '00 

3  359  500 
3  S83  400 

J  136  100 

3  3S4  800 
3  583  SOO 
3  822  300 

3  266  8oi 
3  494  600 

11 

" 

"3-097 

2  544  700 

3  OS3  600 

3  39a  900 

3  73*  «» 

3  817  000 

4071  SOO 

4  241  100 

11 
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TABLE  28. 
Standards  for  Rivets  and  RivETiNa 
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TABLE  29. 
Standards  fob  Riveting. 
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2i 
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2i 
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0 
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2i 
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2i 

2i 

2i 

2k 

tS 

2S 

li 

'i 

'M 

li 

li 
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2i 
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2i 

2i 

2i 

2i 
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li 
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2k 

2h 

2h 

2i 

2i 

2i 

m 

H 

iS 

H 

H 

li 

2 

li 

2i 

2i 

2k 

2i 

2i 

2i 

2A 

li 

2i 

3 

li 

i§ 

2 

Ih 

2i 

2h 

2h 

2i 

2k 

2a 

2i 

li 

2i 

IS 

'» 

'i 

^ 

2i 

^ 

2i 

2h 

2i 

2i 

2h 

2i 

2i 

2i 

IS 

3 

3i 

z 

ih 

2i 

2h 

a 

2l 

2i 

2& 

2i 

2i 

2& 

2i 

3 

3i 

3i 

H 

ih 

m 

a 

zk 

H. 

2i 

2H 

2i 

2S 

2li 

3 

)k 

>h 

3i 

li 

th 

th 

2i 

2h 

2i 

4 

2i 

2i 

2S 

3 

3h 

3h 

3i 

>i 

H 

H 

a 

2i 

tH 

2i 

2S 

2i 
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TABLE  30. 
Stakdakds  fok  Riveting. 


SPHCim  orSneecneo 

/!iYCTSI/<HH6L£S 

To  Mm/mm  n^rSKTiiw 

oh 
Mm 

bin  Inches 

iMcHacOi/T 

SkeafK<a\ 

*  C 

< 

If 

< 

V 
* 

%rk 

%m. 

%iA 

W 

V 

If 

\ 

li 

li 

a 

b 

c 

Ik 

J 

4 

ih 

1 

li 

li 

JQZli 

li 

•i 

IS 

i 

li 
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t 

Ik 

« 

li 

'^ 
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t 

a 

a 
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li 

* 

i 

li 

ti 

a 

n 

li 

4 

4 

5 

'i 

'i 

li 

0 

3 

li 

it 

;| 
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If. 

f, 

/ 

4 

li 

J 

li 

^ 

*f 

rS 

^ 

li 

0 

^ 

f 
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}k 

li 

i 

>i 

3i 

H 

^- 

4 
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e 

3i 

H 

li 

0 

6i 

>i 

H 

'     ,'.        ^ 

Forfn^Uhb 

7 

n 

V 

li 

'i 

4 
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S 

a 

*i 

H 

4 

4 

"  3   - 
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II 
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TABLE  3L 

STANDAIDS  FOK  RlVETINa 


•"J-v^ffl^ 


Cleasance  fog  ami  Plate  RtVETJNs 


^-jgi^i^::' 


If  rH 


He- 


MlHIMVM  STAGea  FOS  RVETS 

1(51 -'S^^  '-^f'^ 


/i' 


ites  RiYETim 


i  \i'\firfRIM, 


Valuaof  D  in  Inches- 


Ik'  l¥  li'  ff  1^  Ik'  1^  It 


Rivets  m  CRIMPED 
Ansles 


Distince  "b^^touMbe 
It  plus  tNchkss  ofclnn^ 
3f^a,  biitimwUss  tian  Z'. 


!i 


H 


Standard  fftvsT  I^es 


I' 

fw-f'RNebs 

i' 
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TABLE  32. 

aubucan  bridcb  coupany  standakd. 

Lkhgths  of  Field  Rivets  for  Vakious  Grips. 

Dimenrions  in  Inches. 


Uo*,^| 

M5rip.«^ 

ir<*^ 

^-i 

1      h    !  (^ 

) 

n       1 

1  1 

1      h 

^-*-<*--^  1— "*-.— r    1 

Dlam««r. 
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(M,.. 

i 

1 
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1 

1 
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;i 

:i 

a 

3 

3 

3 

1 

H 
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3* 
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3 
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* 
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'l 

3 
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3l 

' 

i 
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1 

■^t 

4 

? 
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4l 

4 

' 

i 

4l 

4 

4l 

4t 

4 
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4i 

4l 

4 

4 

4^ 

'I 

^ 

S 

1 

■< 

^ 

4 

s 

s 

5 

S 

^ 

4 

4 

4 

s 

s 

4 

^1 

^f 

i' 

^i 

6 

. 

f 

i^ 

'■t 
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6 
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6 
6 

5 

S 
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6 

6 

W 

1 

6 
6} 

6 
6 

4 

7 

;. 

i' 

6' 
6i 

6 
6i 

6 
6t 

J! 

s 

fii 

Ai 

7 

7* 

7 

5 

m 

61 

^ 

^ 

^ 

A 

6 

« 

f! 

6 

8 

!■ 

?! 

?: 

;i 

«■ 
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TABLE  33 

SHEABINCi  AND  BbARING  ValUB  OF  RiVKTS 


Bcarina  VbIoc  tor  DtfletEnt  Thlctaie—i  trf  Fhteat  iiooo  Lba.  PaSqoue  Ii 


I  840  £ 

4710  i 


,^6v 

3  3940 
;  4  590 
J   S  *6o 


S060 
S9>o 
6750 


6750  . 

7880  8  530  9  190I  9  840 

9ooo|  9  7SOt0  5<»l"'SO 


le  for  DlSennt  ThlcknwH  of  Pbtc  >t  15  ooo  Lbt.  Ptr  Square  Inch 


i'iU 


r  A"  1"   ft" 


23405810    f  180 
1930  3  SwH 


ioj_Sio 
SO  4  690 


i"     A"     I"     ti"     !"      H"      I"      H" 


3  7S0  . . 


'Ij 


I 

6  i960 

73070 
124410 


J9W    5740 
5630    6560 


S630    < 

6560  ; 

7S0O   ( 


S860.. 
_iojo_2 
Szoo  9 


Trrniliiu  Vnliir  fur  rrffrrrm  Tliriliiiwn  iif  riiili  il  in 


u  Dm.  Pet  Square  Inch 


1"     ft"     i"      A" 

iSa>3  1303750   4360 

}  130  3  9104  M  5  47° 
3  7S0  46905  63d  6  s6o 

5  470I6  s6o|  7660 

6  Z50|7  S°c|  8  750 


J"     A"      !"      H"     i"     W     i"     H" 


94^ 
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TABLE  34. 
MuLTiPucATioN  Tablb  for  Rivet  Spacinc 


1 

Pitch  <rfRlnU  in  iDdM 

1 
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•k 

'1 

'1 

'1 
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'1 
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H 

^ 

H 

»1 

H 

'i 

ll 

2 

-!i 

-'i 
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-  3 
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-Jl 

-3i 

-  4 
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-4) 

-4l 
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3 
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-!l 

-tl 

-<1 

-41 
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-Si 

-  6 

-61 
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-71 

-7! 

-7( 

-81 

-«l 

4 
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-  S 

-si 

-6 

-61 

-  7 

-7) 

-  8 

-81 

-  9 
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-lO 

-10! 
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S 

-!l 
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-7i 
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-lol 
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l-ll 

i-.l 

6 

-6i 
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TABLE  M.— Continued 
MOLTiFLiCATiON  Table  fok  Rivet  SPAaNO 


1 

PtlcbofRlvcUinlKhEl 

\ 

3 

Jl 

Ji 

Jl 

Jl 

Jl 

* 

41          <1 

4l 

S 

Si 

Si 

Ji 

6 

^ 

^ 

J 

-6 

-61 

-61 

-61 

-7 

-71 

-8 

-«1 

-9 

-9» 

-10 

-10) 

-11 

-lit 

i-e 

2 

3 

-^ 

-H 

-9l 

-lol 

-10) 

-III 

1-0 

i-oj 

1-  ll 

l-.l 

1-  3 

1-31 

l-4i 

l-!l 

1-6 

3 

4 

1-0 

i-oi 

1-  I 

•-li 

I-  a 

•-  3 

1-4 

I-  S 

1-6 

1-7 

1-  8 

1-9 

1-10 

1-11 

2-0 

4 

S 

1-3 

■-3I 

i-ll 

■-4l 

i-il 

1-6! 

1-8 

1-91 

i-iol 

i-iil 

2-  1 

>-2l 

2-3t 

2-41 

2-6 

S 

6 

1-6 

.-6i 

1-7I 

1-81 

1-9 

i-ioi 

J-ll 

a-3 

!-4l 

2-6 

2-7i 

2-9 

2-10I 

3-0 

6 

7 

1-9 

1-91 

i-iol 

.-1,1 

J-ol 

f.i 

a-4 

•-Si 

3-7i 

1-9I 

2-1 1 

3-oi 

3-2i 

S-4I 

3-6 

7 

8 

a-o 

^  I 

t-  t 

2-  3 

*-  4 

*-6 

1-8 

t-IO 

3-  0 

3-  * 

3-  4 

3-6 

3-8 

3-10 

4-0 

S 

9 

*-3 

-«! 

'-Si 

«-61 

=-7l 

•-9I 

3-0 

J-»l 

3-4i 

3-61 

3-9 

3-iii 

4-  It 

4-3! 

4-6 

9 

lO 

1-6 

>-7i 

>-!l 

:-9l 

i-ii 

3-  li 

3-4 

3-61 

3-9 

3-11I 

4-  2 

4-41 

4-  7 

4- 91 

S-o 

0 

It 

1-9 

»-I0| 

^..1 

3-ii 

3-!l 

3- Si 

J-8 

3-101 

4-  11 

4-4I 

4-  7 

4-9I 

S-ol 

S-31 

S-6 

1 

13 

3-0 

3-  U 

3-  3 

3-tl 

3-6 

3-9 

4-0 

4-  3 

4-6 

4-9 

S-0 

S-3 

S-6 

S-9 

6-0 

2 

'J 

3-3 

s-«l 

3-61 

3- 71 

3-9i 

4-oi 

4-4 

4-71 

4-101 

s-i! 

S-S 

S-81 

s-iil 

6-2l 

6-62 

3 

'■* 

3-6 

3-7I 

3-91 

3-II1 

4-  > 

4-4l 

4-8 

4-111 

S-3 

s-61 

S-10 

6-1I 

6-S 

6-81 

7-01 

4 

'J 

3-9 

,-ioJ 

t-ol 

4-»l 

4-4I 

4-81 

S-0 

s-sl 

S-71 

s-iil 

6-3 

6-61 

6-10I 

7-2I 

7-61 

5 

It 

*-o 

.-. 

*-4 

t-6 

4-8 

S-o 

S-4 

s-« 

6-0 

6-4 

6-8 

7-  0 

r-4 

7-8 

3-01 

6 

n 

*-3 

fSi 

(-7i 

)-9l 

4-lli 

S-3I 

S-8 

6-ol 

6- 41 

6-81 

7-  1 

7- Si 

7-91 

8-  l| 

8-62 

7 

li 

t-« 

(-»l 

,-iol 

!-oi 

S-3 

S-7I 

6-0 

6-4i 

6-9 

7-1I 

7-6 

T-iol 

8-) 

8-71 

9-07 

8 

'9 

« 

«-"l 

!-.! 

S-4t 

S-61 

s-ii| 

6-4 

6-81 

7-  i| 

7-61 

7-11 

8-3I 

8-81 

9-  li 

9-61 

0 

w 

S-o 

!->! 

s-s 

S-71 

S-io 

6-3 

6-8 

7-  1 

J-6 

7-11 

8-4 

9-9 

9-  2 

9-7 

1X11 

77 

S-3 

!-5l 

!-!! 

S-iol 

5-ii 

6-61 

7-0 

7- Si 

7-10I 

8-31 

8-9 

9-2J 

9-7l 

10-  0} 

0-61 

32 

!-< 

!-!) 

s-iil 

6-'i 

S-S 

6-10I 

7-4 

7-9I 

8-3 

8-81 

9-  2 

9-71 

10-  1 

1^61 

1-0  2 

2J 

S-9 

!-"• 

6-.1 

6- Si 

S-Sl 

?-"l 

7-8 

8-  If 

8-71 

9-11 

9-  7 

.^ol 

10- 61 

i-d 

1-6  2 

a* 

S-0 

^J 

6-6 

6-9 

7-0 

7-6 

8-0 

8-6 

9-0 

9-6 

0-  0 

0-  6 

11-  0 

1-6 

2-02 

i 

'5 

H 

6-61 

6-9} 

7-0I 

!-3l 

J-9l 

8-4 

8- lol 

9-4l 

9-ioi 

o-S 

O-llI 

11- Si 

i-iil 

2-62 

s 

26 

s-ti 

6-9i 

7-0I 

J-3I 

7-  7 

8-1! 

8-8 

9-"l 

9-9 

0-3I 

0-10 

1-4I 

i-ii 

2-  Si 

3-02. 

* 

a? 

S-9 

7-o| 

7-31 

7-71 

I-iol 

8- Si 

9-0 

9-61 

10- .1 

o-8i 

1-3 

1-9I 

2-41 

2-I1I 

3-62 

i8 

7-0 

7-31 

7-7 

T-iol 

3-3 

8-9 

9-4 

9-11 

10-6 

I-  1 

1-  8 

2-  3 

2-IO 

3-S 

4-0  « 

t 

^9 

7-3 

7-61 

7-ioi 

9-. I 

>-sl 

9-ol 

9-8 

<^3l 

lo-iol 

i-sl 

2-  1 

<-81 

3-3i 

3-10I 

4-6  2! 

30 

7-6 

7-91 

8-il 

«-sl 

!-9 

9-4l 

10-0 

<^7i 

11-  3 

i-iol 

2-6 

3-  '1  13-  9 

4-4I 

S-0  3< 

I 

3 

Si 

rt 

Jl 

3i       Jl 

4 

4         <1 

<f 

S 

Jl        Si 

Jl 

li 

f1ldi<<BintofnladM>                                                                 |^ 
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TABLE  35. 
Areas  to  bb  Dbductbd  pok  Rtvsr  Holes,  Maximuu  Rivets,  and  Rivet  SpAciNa 


Au.su 

Squau  Inches,  to  be  Dn>uctiD  noH  Riveted  Plates  or  Shapes  to  Obtain  Net  Abbas. 

Thlckn«a 
dI  Plata. 

DiuHUr  of  Hole  in  lodn  (Diam.  o(  Rivet  +  1"). 

Incbel. 

.06 

A 

1 

A 

1 

ft 

1 

u 

1 

<t 

i 

11 

, 

lA 

..  i.» 

'1 

i 

■o« 

.11 

.16 

.17 

.10 

.22 

■27 

.18 

■  14 

.10 

.21 

■*1 

.2( 

■27 

.2<) 

-11 

■11 

■IS 

-17 

■19 

.w 

•IS 

AH 

-47 

A 

.IJ 

■"4 

■"9 

.»i 

■»S 

■S7 

.30 

■33 

.36 

.38 

■4' 

■44 

.46 

-49 

-S» 

■SS 

i 

•'1 

.16 

.21 

.28 

-18 

-47 

Z 

:i? 

-61 

■\i 

■2S 

■11 

■K 

-39 

■41 

■49 

■49 

-ll 

■70 

ti 

■17 

.21 

.26 

■30 

-34 

■39 

■43 

■47 

-S» 

-S6 

■64 

.69 

■73 

■77 

.1 

tR 

-18 

.^6 

.61 

.66 

.80 

.84 

.89'   .94 

1 

■36 

.46 

■S6 

-7(- 

.Hi 

-96    '.02 

■17 

-13 

■1« 

-44 

■49 

■',', 

-71 

-77 

-91 

■9« 

1.04 'iflO 

■»3 

.29 

■3S 

■47 

-S3 

■S9 

.64 

.70 

■94 

,.os    ..irri7 

-18 

.?6 

.61 

.60 

.81 

.88 

1.00 

1.06 

t 

.27 

40 

.46 

1.11 

i.M    i.»6    1.33 

-S* 

■01 

.70 

■77 

■91 

■9a 

1.20 

lA 

.30 

■37 

-4S 

■Si 

-S9 

.67 

■74 

.M9 

.96 

1.04 

1.19 

1.3411411148 

>l 

■11 

■W 

■47 

■« 

.6, 

.70 

■78 

.86 

94 

1,02 

'■09 

I.17 

l.i? 

'■11 

141    1-48    »S6 

1.07 

it 

t 

•41 

.'.i 

.«) 

■77 

■9( 

1.01 

l.W) 

1.18 

1.46 

i.SS    "■63  ,  '■7a 

■ft 

•4S 

■S4 

■63 

.72 

.Hi 

■90 

■99 

IJ38 

1.17 

'■35 

"■44 

'■53 

1.62    1.71    lilo 

i| 

■18 

■47 

.;6 

.66 

-7"; 

.fit 

.9+ 

1.01 

1.11 

1.21 

1.11 

1.41 

1.50    1.59 

1.69    1.78  1  1.88 

'ik 

■14 

.6tt 

M 

.9H 

1.07 

1.17 

1,27 

1.46 

1.56    1.66 

1.76    1.86    1.95 

ij 

■41 

■'•^ 

■71 

■91 

1.12 

1.42 

1-12 

1.63    1.73 

1.83  ;  1.93    t.03 

■» 

42 

■S3 

-63 

■74 

■95 

1.0s 

1.27 

'■37 

'■47 

..SB 

1.69 

'■79 

1.90  ,2.00    1.H 

.44 

■SS 

.66 

■77 

.88 

■98 

1-09 

1.20 

1-1' 

1.42 

'■SI 

1.64 

i-Ti 

1.86 

1.97  1  2-o8    1.19 

>l 

■4S 

.C)l 

'■47 

m 

■47 

■w 

.70 

-94 

I.O-; 

1.17 

l.aq 

1.41 

1-S2 

1.76 

1-99 

1.11    3.JJI1.34 

■71 

■97 

IJW 

I.11 

I.<1 

1.41. 

'-'I? 

1.70 

'■94 

2,18    2.30,243 

-SO 

.63 

■7S 

1.13 

i-*S 

1.3B 

1.50 

'■7S 

...0 

2.J3 

J-3S  j  i.j8    i-SO 

Maxd 

•UMiaVEXmL 

<0    OF    ANCLCI  OB  FLANGE 

»  Beams  and  Channd^                             | 

Mm.  Riv 

Kle 

1 

1 

1 

■1 

■i 

■i 

1 

1 

S 

1 

i 

fh 

8 
i| 

Depth  of 
M...  Riv 

Beam 

i 

t 

'. 

1 

'. 

S 

8 

I 

1 

s 

1 

" 

■J 

1 

30 

1 

Depth  of 
M«.  Riv 

aannd 

i 

I 

'. 

6 

1 

'1 

1 

" 

■i 

RIVBT  STACINC  tH  ItlCBK.                                                                                          | 

Si«0f 

Minimum  Pitch. 

Mui.  Pitch  lo  Line  <rf  Sln*i. 

Mla-EdfcDM. 

lIu.Ed« 

Bint. 

Allmnd^ 

^ 

Si. 

Bridie*.     I      W 

Wn. 

Sheared. 

RolM. 

"„ 

'! 

') 

^^ 

!ilii 

6 

I 

I 

3,. 

"- 

3 

1. 

1 

" 

1 

:! 

:H 

j,Goo>^le 
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5ize    TWOAH6LECOMNECTI0M5 


TABLE  36. 
Old  Siandakd  Coknections  fob  Bkaus  ani 
'American  Bkidgb  Coufany. 


0NtAH6LEC0mcni0N5 


lA 


Weiqht  56  pounds 


IL6x64xl"5i 

Weiqht  30  poinds 


2l»4;4'xf;x|-2f 
V/eiqht  50  pounds 


\lb\f)'mn('lt' 
Weight  ^pounds 


J.?.iO 


^  Wciqht  ?7pound5 


'M      Sili* 


;i,^  Weight  llpounds 


'  ?l£6x4xisx7f 
.  WeiqhtZOpoutKb 


■  lL6x6xi6x7t 

,  WeiqhtlSpoundt 


;5i; 


?H1: 


-  2li6j(4'x|i(3' 
■  WeiqhbUpounds 


IL6x6x^'x5' 
V/ciqht  9  pounds 


Weiqhn  ponds 
Weiqlit6pwndj 


ilic 


^s     |*eBhtSpo«nil5 
.pS.    ||L6'<6'«i.E 


Weiqhts  of  connections  include  qross  weitjhtsof  anqles  and  weiqhtsof  j  shop  rivets 


aqitizecibyGoQl^lc 


TABLE  37. 
New  Standard  Connections  pok  Beams  and  Channels.    American  Bridge  Cohpaxt. 


a' 
a(     mf  20,"  ir 

K  " 


M.  ^"' 


IT 


■Ai«t«r.A)f^.(^  tA»h.^>£;i;<o'.ii>^ 

Rivets  RDd  UdtR-J^'diam. 

lorsrs".     ,^,„^ 


tAwtM4"i('.1i[iU'-ii.>f   tAxteAA^a'^tf  SAHt«a.<>fjr>a^!'?  ijuximt^tA^.o'-i' 


F    BbAH   CONNHCnONS. 


kE  OuCsCaadLnc  Lefs  of 


Unilann  Load. 


H"  RouEh 
Bidu.  Sinsle    I 
Shear,  Pouadi, 


66,800 
67,500 
52,700 


3Si30o 
3S.30O 
3S,300 
35.300 

"7.700 
17,700 
17,700 
17,700 
8.800 
8.800 
8,Soo 


49.500 
41,400 
4*.400 

35-300 


AiioWABLB  Unit  Stre^  m  Pounds  Pik  Squarh  Inch. 


jRivcts Shop  ij.oc 

Rivets  and  Turned  Bolu.  Field  10,0c 
RoughBolti Field    8,0c 


Rivet! — encloied Shop  3 

Rivets — one  lide Shop  24,000 

Rivets  and  Turned  BolU  .  .  .  Field  10.000 
Rough  Bolts Field  16,000 

t  =  Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  fnuDC 
opposite. 

Connections  are  figured  for  bearing  and  shear  (no  moment  conridered). 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  us 

Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  valucsare  greater 
because  of  the  increased  efficiency  due  to  friction  and  grip. 

Sriecial  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above 
exceeded— -such  as  end  reaction  from  loaded  beam  being  greater  than  value  of  connecti_... 
shorter  span  with  beam  fully  loaded;  or  a  less  thickness  of  web  when  maximum  allowable 
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B£V£l£i>B£AHCmf/eCT^S  -  RiVET  SPACING  &  ClfASANCES 

W'§  orkss,  uaa  Standard 
connecti^}  sngles  (bent)- 

^,       W-'£'tolg',use  Special 

cciwacthfi  ao^s  (btat)' 

\b  p 


fitfwA  micAoM  r/Mt/ng-     SWs  covers  pistes  up  to  ^' thick- 


' 

I 

c 

Air- 

D 

f 

H 

LmtChi^BmCPIitas 

L 

P            1 

/»   1  A  1  /!■  1  /> 

F'tplai 

■f-s-m 

/■ 

IP 

T 

W 

IF 

T 

/i" 

..li 

z 

12 

i 

li 

li 

5m  /Toits  sbw»  • 

li 

If 

/^ 

I 

12 

« 

li 

'i 

li 

Z 

^i 

4 

12 

It 

a 

a' 

2t' 

10' 

Hi 

10" 

12" 

li 

H 

2i 

S 

12 

li 

4 

4 

J 

II 

I2i 

lOi 

12 

li 

2i 

S 

S 

12 

li 

H 

4i 

3 

12 

ISi 

II 

12 

li 

2{ 

Si 

7 

12 

li 

s 

i 

H 

I2i 

I4i 

lit 

12 

li 

S 

H 

a 

12 

li 

si 

Si 

a 

IS 

ISi 

12 

12 

li 

a 

4 

3 

12 

j 

li 

H 

12 

li 

4i 

10 

12 

1 

li 

Si 

I2i 

2 

4 

S 

II 

12 

^ 

li 

si 

I2i 

I 

4i 

Si 

a 

12 

£ 

li 

Si 

I2i 

2i 

4i 

Si 

/? 

II 

i 

2i 

12 

li 

4i 

Si 

/? 

tt 

i 

S 

12 

H 

S 

a 

/? 

3 

i 

s 

12 

li 

Si 

ai 

B 

a 

i 

a 

12 

n 

e 

7i 

12 

7 

i 

si 

I2i 

2 

ai 

li 

12 

€ 

i 

Si 

I2i 

2i 

7i 

10 

a 

5 

i 

4 

IS 

2i 

3 

Hi 

12 

t 

X 

J_ 

iL 

ISi 

A 

II 

14' 
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TABLE  39. 

Standabd  Sway  Rod  and  Latekal  CoNXEcnoNS. 

American  Bkidge  Company. 

^  Smv  Aw  CmsECTioNs- 

-rr'i^" 


jKji  For  iiia«tn)ds&  rods  over  Ij  nuaij  usa  cUvisfS-i^^  ^^,      /    ;- 
;.      /  •'  ^P'^'fy  f^^sgonal  nuts  on  all  sway  rods-     ■Jy>^      /,  "vIV- 
l,^/^^^  Bolts  canfBwAexagotjg/ors^iare  htadsor  /}uts\  ,^3- 

■*••  ■  ^  ■'  /fo/e  for  rod  punched  ^  /arger  than  rod-  ' '  v 

Pod§  'round  (not  upset).  Bolts  ^'er^'romd-      Rod  I 'round (not  upst^.  Bolts  ^'orf roatid- 
RodZ" round  (not  upsft).  Bolts  ^"orf  nxmd-    Rod  Ij  fvifnd(not  upset), Bolts^'rovnd- 


A 

B 

*»«'/%* 

e 

R 

11' 
i'tilZ* 

e'Mi- 

% 

'fr 

5ize  oFArtgk 


Beveud  Wasmess,  Cast  Ikon- 
k^  II'... 


<&m:-%w. 


^m 


■-, 

w- 

.ir^ 

-'~Si^ 

5kttit 

Ups«t 

A 

B 

C 

D 

e 

F 

6 

H 

L 

R 

X 

ft 

in  Plata 

him* 

A 

r  . 

Non* 

n' 

If 

1' 

f 

i' 

r 

r 

If 

H 

If 

4' 

li- 

ii''H' 

IB 

A 

'  >i 

't  ,i 

H 

'i 

Ii 

» 

•h 

i 

Ii 

Ii 

fi 

/■ 

S 

lt 

li'H 

2-6 

B 

*  , 

Hm 

H 

'i 

I 

i 

i 

i 

Ii 

a 

H 

! 

"i 

Ii 

'iW 

Ih 

e 

'  // 

'»  /i 

H 

It 

H 

% 

^ 

i 

Ii 

H 

6 

Ii 

e 

^3 

li'ii 

iS 

For  rods  above  Ij  diam-  uat  ckws  <vnnfet/ooa- 


D.qitizeabyG00<^lc 
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TABLE  40. 

Standard  Lateral  Connbctioms  for  Highway  Bridgrs. 

American  Bridge  Companv. 

S/aiTBACK  "a",  Wai^t  6-8 lbs- 

5kewbxkA  forro^svpto  /j  rowfd 
or  /g  s^are  (upset  to  l§  roun<i)  ; 

for  upsets  Ig  diam-or  less,  sngte 
of  rotimay  vary  From  S2°(7i  in  IB') 
to60'(l2''in6§')- 

fhr  upsets  greater  than  /j  diam- 1^ 

tolg  diant;  angle  of  rod  may  vary  from 

'  4li  Y/Oi  "in  12  ')  to  SO  '(l2  "in  60  ■ 

Standard  slot  in  Beam  3j  *^' 


vt' 


SkewBACKB,  Weight  17 lbs- 

Skewback  B  for  rods  1^  round 
or/ J  square  (upset  tol^'rouite^ 

{/j  "round  (upsec  to /ground)  er 
ifsfvare  (upset  to  2 'round) 
for  upsets  l§  "diam-  or  less , 
^»  angkofrodmay  vary  From  33§ 
(S'/ffl2'J  to  60'(l2''in6i')- 

for  upsets  greater  than  I g  diam- 

If  to  2  'dam  ;  angle  of  rod  may  vary  From 

i8i'(3^'inl2')to  60'(l2'in6i')- 

Standard  slot  in  beam  4^"$^"' 

^EWBAOTC'^ Weight  23/hs- 

Skewbxk  C/WTods  1^  round  or 
1^  square  (upset  to 2'round) i 

»  //^  round  (upset  to  2jj  round)  or 
"^     \lj''sgu3re((^>s«t  toB^'roundJ 

Angle  oFrodmay  vary  From 
40i  '(10 fin  12")  to  64i  '(H'mS^'J 
For^lro<&- 

Standard  slot  in  beam  4^'x6i' 

Where  upset  and  oF rod  Is  greater 
than 2 g  diam-,  hole  in  washer  will 
^Radius •4i"       be  drilled  to  fit  upset ■ 
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STRUCTURAL  TABLES. 


TABLE  4L 

Standabd  Latbbal  Connbctions  akd  Stub  Ends. 

Ameucan  Bridge  Com  pan  v. 

If  Plate  A,  Weight  5-9  lbs-  U  Plate  B,  mightS-eibs- 

/vr  rods  up  to  ^  sguareorlmroundC'^settsl^  ^^^l  Sfa3reorl^rom)d(i^>s^lx/0 


Stub  End  N'l- 

We}ght4-5lb5- 

Plate  2j''f,7i' long. 

Holes  ^'diant' 


Stu8£ndNS2-      Stub  Emms-  Cooper  Hitch 
Weight  3-5  lbs-        Hiybt  3-5  lbs-       pra 
Plate  2"'^',  Ji'long- Plate ZH'H' hog-   I'H  "'I 
HcJes  p'dram-       .    Hides^diam-        i-im-i 

/'  /' 


J  round,  7^' long 
ZHex-Nuts-   i'Tap' 


x/jV. 


^ rmiit),?^  long    ^fwjnd,7ihng   inmJ^S'Uaa 
2 Hex- Nuts- y Tap-  lHet-Muts-i%  lHal/iitsl%t 
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STRUCTURAL  TABLES. 


Length 


'^^izmssmm? 


Lagth 


Lengdj  JMOgth 


Ho-Thnad 
permch 


^^ 


heath  sre  thtsameas/irsguarehidia/ts- 
ThreafkJportienbnott^ert^ex^atpoM, 


Beam  CiAMP 
i'Carvd/fok 


li' 


n 
li 

Ki 

m 


SimensiimoFCIai^Wiight 
\C  Inllis. 
If  04 


OBEE    WASHESS 


,,M4\..:::rM 

*     xecess/vrrmlkck-     «  I* 


Dimwis/'ais  of  Washer 


might 


0-4 
01 
1-0 


SkEWSACX  Wfl5liE!?5 


?*■ 


a' 


If 


if 


Wdfht 
in  l^nds 


21 


27 
i-0 


InM^rjHxicSalts^iftdSBtasioasA, 
SSiiaB  other  doKitsiKsamiandsrti 
Ihless  sihenfise  ^tdBtdiS" will 
iemaUe^'-fiex-nutsEurDished- 


j,Gooi;le 


STRUCTURAL  TABLES. 
TABLE  43. 
"AppnoxiMArc  Radii srSntATiONOF  ii'Aiii9ii3  Stkuctuiial  Sscnofts. 


^£ 


r,^Sd 


'.•(Old 


r..i  '."!»'> 


V-l-t  r,.O.Xd 


[  r^n 


4ffi 


^. 


1X1- .1  4->'5'» 


4^- 


■.■diU 


ffi^h^ 


Wl 


7j     j   5--<V/^ 


M 


;  vOM 


X i  v'^'' 


% 


■.  r,.t3U 
i  vOMi 


,  r,,a4d 
r.JJU 


;  r.-m. 


_J,_      ■    {.<(» 


H 


.Ft^- 


1j 


!j.i!»y 


Ul_l. 


JL....*  «•«« 


-1  s-w/y 
J  i-aiii 


X. 


'^fT^.:iyT'' 


\s 


1 1  [..1.  *■"■«■* 


W: 


SEfs 
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Abandonment  o(  work 43a 

AbutmentB,  Bridge 323 

Cort  of 447 

Derign  of 307,  323 

Examples  of.  .330,  331,  33a,  333,  334,  335 

PedeaUl 335 

Timber 344 

Types  of 333,  486 

Adjustable  eye-bars 135,  514 

Advertisement  for  bids 437 

Aggregates,  Size  of 483,  484,  485 

A^ebraic  nionMnts.4,  14,  30,  87,  93,  95,  97,  99 

Algebraic  resolution 4,  5,  35,  49 

Stresses  by 77,  79.  81,  83,  85,  87,  93 

Allowable  pressures  on  foundations, 

301,306.313.327.486 

Allowable  preeauree  on  Masonry 306 

Allowable  stresses  in -arches 415,  418,  456 

cast  iron 370,  473 

cast  iron  rockers 472 

concrete 391,  346,  482 

concrete  bridges. .  .269,  346,  349,  351,  483 

steel  bridges 333,  370,  469 

timber 269 

Allowable  stresses  in  timber  bridges 367 

tension  in  an^es 492 

Alternate  stresses 469 

Analysis  of  stresses  in  arches. . .  .402,  405,  483 

Anchorage 473 

Ai^le  columns 50a 

Angle  of  repose 295,  306,  486 

Angles,  Allowable  tendon  in 493 

Areas  of 490 

Connection 474,  531,  532 

Minimum . 


Netai 


a  of. , 


.  492 


Radius  of  gyration  of 495,  496,  497 

Starred 501 

Tension  in 469,  493 

Weights  of 491 

Am.  Soc.  C.  E.,  Report  of  Committee  on 
Concrete 291 

Arch  axis.  Best  shape  of 416  . 

bridges 401 

Concrete,  see  "Concrete  Arch." 

Cost  of  Concrete 449 

bridge.  Cantilever 365 

culverts 397,  398,  399,  400 

culverts,  Forms  for 456 

Definitions  for  parts  of  an 401 

Length  of  span  of 113,401,  480 

rib.  Variation  in  thickness  of 417 

ring.  Division  of 416 

Empirical  rule  for  thickness  of 417 

Reinforcement  of 417,  483 


Arch,  Reinforced  concrete 375, 

Stresses  in 403,  405, 

Two-hinged 

Arches,  Allowabte  stresses  in 415,  418, 

Design  of 

Examples  of 418,  419, 

Falsework  for 

Influence  diagrams  for 

Length  of  span  of 113,  401, 

Live  load  on 

Stresses  in 402,  405,  409, 

Temperature  stresses  in 

Areas  of  angles 

to  be  deducted  for  rivets 

Asbestos  sheathing 

Asphalt  coating 

Assignment  of  contract 

Auto  truck 119,  120,  139,  269,  467, 

Axial  compression 


,  106 


Examples  of 145,  146,  147,  1  .   .     . , 

Weight  of 148,  150 

Beam  clamp 537 

connections 474.533.534 

Maximum  moment  in  a 20,  21,  37 

Maximum  shear  in  a 23,  28 

'~     ■'  ....  293 

.  .23,  154 


Beams,  Dcugn  of 

Design  of. reinforced  concrete 371 

Length  of 292 

reinforced  for  compression 2S3 

Rectangular 278 

Stresses  in 17 

T- 281,480 

Bearing 482 

469 


rivets 527 

Bearing  plates 

304,  237,  247>  354.  359.  360,  474.  481,  487 
Bearings,  Expansion 472 

Rocker 359.  360 

Bed  plates,  see  "Bearing  plates." 

Bending  n  '  -  -    -  - 


154 

45 
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Bending  momenta  in  pins S 

moment  polygon 

stressea  in  steel 4 

BenC-up  bare 389,  892,  373,  380,  4 

Beveled  beam  connections 5 

Bids,  Advertiaement  for 4 

Bituminous  floor 140,  445,  4 

wearing  Buriace I 

Bolster  plates 4 

Bolatere 327,  4 

Bolts 4 

Design  of i 

TurMd 4 

Bond,  Bridge 438,4 

Bond  BtresB 288,  292,  374,  379,  4 

Box  culverts 276,  384,  387,  395,  31 

Buoyancy  of  water  on  foundations 41 

Bridge  abutments 3 

Bridge,  Arch ill,  275,  276,  40i>  418,  4 

bond 428,+ 

Camber  of,  see  "Camber. " 

Cantilever u  i,  3' 

contracts 426,  427,  4 

floors,  sec  "Floors." 

engineering 4: 

piers,  see  "  Piers. " 

pins,  see  "Pins." 

planB 4: 

Plate  girder,  see  "Plate  Girder." 

Specifications  for,  see  "Specifications" 

Steel,  see  "Steel  bridges.'' 

stresses,  see  "Stresses  in." 

surveys 4 

Suspenuon I . 

Types  of 103,  113,  205,  207,  41 

Trestle,  see  "Trestle." 

Weight  of  steel 4; 

Bridges,  Cost  of  erection  of  steel 442,  4. 

Economic  span  of Z15,  3: 

Erection  of 357,  442,  451,  459,  4; 

Impact  on,  see     Impact. 

Loads  on.see  "Loads"  and  "Live  L.oads." 

Overflow ■.■■.-■  -1 3' 

Paintine,  see  "Paintini 


Protection  of  overhead. 
Reinforced    concrete,    t 

bridges. " 
Waterway  for. . 


"  Reinforced 


Width  of  roadway  of. 1 13,  368,  469 

Broken  stone 4S3 

Buckle  plates 133,  466,  498 

Button  sets 522 

Bulkhead 165,  372 

Butt  of  (Mle 267 

Burrs 473 

Camber 67 

of  concrete  pirders 477 

of  plate  giroere 164 

of  trusses 67,  473 


Camel-back  truss,  Strcaaes  in 73,  87,  97 

Cantilever  arch  tnidge 365 

bri(^ HI.  364 

girder 3^ 

retaining  wall 309.  316,  319 

Cast  iron.  Allowable  stresses  in 370,  471 

bearing  blocks 272 

culvert  pipe 388,392 

pedestal,  Design  of 203 

plates 251 

rockers,  E>esign  of 203,  226 

rocker 248,  472 

washers 272 

Cement,  see  "Portland  cement. " 

Cement  gun 251 

Centrifugal  stresses 231,  468,  479 

Channel  chord  sections 509 

columns 499,  500 

Chorda,  Cost  of 441 

Sections  of 407,  408.  503,  505,  506,  509 

Classes  of  bridges 268,  465,  477 

Clay  pipe  culverts 388 

Qevises 235,  516 

Coffer  dam 329,  487 

Coeflkient  of  friction 306 

Columns 481,  482,  499,  500,  500 

Length  of 292 

Reinforced  concrete 288,  391 

Combination  bridge 363 

Combined  stresses 56,  470 

Compression 469 

flanges  of  girders 470 

members 221,  222,  336,  471 

in  reinforced  concrete 391,  292 

Concentrated  loads 21,  119,  120,  136,  312 

Distribution  of 120^  478 

Concurrent  forces 3,  5 

Concrete  abutments 486 

arch  bridges 401,  4B3 

Concrete  bridges. 

Sped  Rcat  ions  for 477 

Types  of 113 

Width  of  roadway 114 

Concrete,  Cost  of  mixing  and  placing .  448,  449 

Concrete  culvert  pipe 388,  392,  393,  394 

Depositing  under  water 457 

dip 361 

floor  slabs 120 

Mixing 451,  484 

pie™ 335-339 

Placing 4S4 

Placing  in  freeiing  weather 485 

proportions 4S4, 487 

Reinforced,  see  "Reinforced  concrete." 

Rubble 485 

Concrete,  Wearing  surface 138 

Connection  angles 474,  533,  534 

Cooper's  abutntents 3J0 

impact  formula 2jl 

foadinK,  Stresses  due  to 95, 97 

loads  for  railway  bridges 34,  45,  \jb 

moment  table 45 
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Cooper's  piera 336,  340,  341 

Bpecitications 232 

Coping  o(  masonry 488 

Construction  of  concrete  bridges 451,  485 

forms 452 

Continuous  beams 293 

girdera 363 

Contract  for  bridge 426,  427,  428 

Convential  ugns  for  rivets 344 

Corrugated  pipe  culvert 389,  392 

CostB  of  bridges 436,  441 

broken  stone 448 

bituminous  floor 445 

chords 441 

concrete 449 

concrete  culvert  pipe 450 

culverts 397,  400,  449,  450 

driving  piles 449 

erection  of  steel  brid^ 442,  446 

erection  of  tubular  piers 443 

eye-bars 441 

falsework 441 

floors 140 

fomu 449 

grtivel 448 

>«»■>• 437 

lumber 448 

masonry 447 

material 437 

mill  details 439 

mixing  and  placing  concrete 448,  449 

painting 443.  444 

pins 441 

lacing  and  bolting  bridges 443 

plates 437 

posts 441 

sand 441 

steel  reinforcement 448,  449 

structural  steel 445 

shop  labor 440 

tar  mat  on  bridge  Boor 445 

Coulomb's  theory 297 

Cotter  pins 245,  519 

Counterfort  retaining  wall 309 

Counters 470,  471 

Creosoted  timber  blocks 138 

Boor 137 

specifications 137 

Crushing  of  masonry 301,  307 

Curb 466 

Culverts 277 

Arch 397.398.399.400 

Cast  pipe 388.  392 

Concrete 388.  392,  393,  394 

Corrugated  pipe 389,  392 

Cost  of 397,  400,  449,  450 

Des^  of 383 

Fill  on , 389 

Length  of "4.  477 

Riveted  pipe 389.  39^ 

StKwe*  m 384,  385 

Types  <rf "3.383 


C.  541 

Dead  load,  see  "Loads." 

Deck  girder  bridge 157,  167,  275,  354 

plate  girder 157,  167 

Deck  truss 105,  106 

Defects  of  structural  timber 266 

Defective  work 430 

Definitions  for  arches 401 

piles 2G6 

reinfoiT:ed  concrete 277 

timber 265 

timber  bridges 2G4 

Deflections  of  trusses 62 

Deformation  diagram,  Williott 64 

Depositing  concrete  under  water 457 

I>epth,  Economic 229 

of  beams 466 

of  girders 470 

of  trusses 187,  213,  470 

Design  of  abutments 307,  323,  486 

beams 23,  154,471 

beam  bridge 145.  i S3 

bolts 264 

bridge  piers 326,  486 

bridge  pins 54.  »S 

cast  iron  rockers 203,  226,  248 

compresuon  members 237 

culverts 383 

end  bearings 175,  226 

end-post 57,  222,  468 

falsework 452 

Boors 217 

floorbeams 144,  153,  169,  217,  479 

floor  system 317 

forms 452,  485 

girders 378 

high  truss  bridge 205,  217 

iomts 197,  223,  485 

low  truss  bridge 177,  190 

lower  chords 196,  469 

piers 326,  486 

pin 55.  235.  4^ 

plate  girder 157,  167,  171,  470 

portal 48,  223,  465 

reinforced  concrete 277 

reinforced  concrete  beams 371 

reinforced  concrete  bridges 345,  349,  370 

retaining  walls 295,  486 

slab 217,  368.  370 

stringers 141.  217.  4^6,  479 

T-beams 281,  480 

T-beam  bridcie 349.  37o 

ten»on  members 196,  220,  469 

timber  bridges 255 

top  chord 194,  195,  469 

web  sfilice 162,  173,  470 

web  stifleners 163,  470 

Diagonal  tenwon 289,  292,  4S2 

Distribution  of  concentrated  loads, 

120,  laa,  268,417,  478 

loads  throi^h  fill 4<5 

Division  of  arch  ring 416 

Dowel 265 
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Drift  bolt 273,  365 

|nn 463 

Driving  field  rivets 474,  476 

piles 266,  269,  367,  459,  487 

Earth,  Weight  of 307 

Economic  depth  of  girders 164,  239 

depth  of  trusses 215,  229 

panel  length 315 

span .  . , 229 

Eccentric  loading,  Stress  due  to 56,  470 

riveted  connection 63 

strewea 56 

Edge  distance  of  rivets 471 

Electric  railway  bridges 117,  125,  467,  468 

EllipK  0(  BtresB 315 

End-post,  Dedgn  of 57,  223,  468 

Stresses  in 57 

End  bearings,  Design  of.  .  .  .175,  226,  469,  481 

End  walls 383,  390.  391,  393 

Equilibrium,  Condition  for 3,  5,  9 

polygon 10,  13 

Equivalent  uniform  loads 34,  127 

surcharge 31a 

Erection  of  bridges 357,  442,  451,  459,  476 

Erection  equipment 462 

Erection  traveller 460 

of  tubular  fAera 337,  443,  488 

Estimate  of  concrete  bridges 447 

cost 436 

cost  of  falsework 449 

coat  o(  forms 448 

cost  of  riveted  bridge 445 

lumber 436 

quantities 430 

reinfordnr  steel 448 

weight  of  Bridge 433 

Eye-bars 234, 473,  474.  514 

Adjustable 135 

Cost  of 441 

Testsof 476 

Expansion 47a 

bearings 473,  481 

joints 349,  483,  485 

rockers 359,  360,  481 

Extra  work 432 

Extras  for  bars 438 

Factor  of  safety 230 

Falsework  for  arches 456 

bridges    ..- 443.459 

concrete  bridges 453.  454 

Falsework,  Cost  of 449 

Fence 248,  465 

Coat  of 441 

Field  connections 474 

rivets 475,  476 

inspection 463 

paintir^ 476 

Fish  [date 265 

Fill  on  culverts 389 

Fillers 472 

Filling  rings 473 


Flange  rivets 470,  472 

spGce 1612 

Flexure  and  direct  streas 285 

Flooriieam  reaction 35,    40 

Floorbeams 217,  466 

Floorbeanw,  Cost  of 441 

Design  of 144,  153,  169,  217,  479 

Floors 129,  466 

Bituminous  covering  for 139 

Buckle  plate 133 

Cost  of... 140.445 

I>esign  of 217 

Examples  of .  .  130,  140 

Loads  <"> 125.  467 

Plank 269,  466 

Slab 217,  293,  349,  480,  481 

Timber 13a,  133.  134,135 

Weanng  euriace  for 138,  482 

Footings  of  foundations 487 

Footwalks 465 

Force  polj^oo 4 

Force  triangle 4 

Forms 453,  485 

for  arch 457 

for  arch  culvert _456 

for  concrete  bridges 452*485 

9^  "'■  ■    v 449 

Estimate  01 448 

(or  pipe  culverts 393 

for  retaining  walls 455 

Removal  or 453 

Foundations  for  abutments 338 

pressure  on 301,  306,313,  327,  486 

Frame  trestle 257,  258.  36S 

Freezing  weather.  Placing  concrete  m.  . . ,  485 

Freight  rates 443 

Friction,  Coefficient  of 306,  469 

Fuller's  rule 447 

Gage  of  rivets. 243,  509.  522 

Girders,  Deugn  of  concrete 378 

Economic  depth  of 229 

Loads  OB 478 

Plate,  see  "  Plate  girders. " 

Girts 272 

Graphic  moments 4,  13,  16,  31,  89 

Graphic  resolution,  29, 71 ,  73, 75, 77, 91, 99,  loi 

Gravel 483 

Cost  of 448 

Weight  of 307 

Guard  rail 265 

timbers 365,467 

Handiailing 465 

Cost  of 442 

Head  room 215,  329. 465 

High  truss 205,  207.  208,  215,  217 

Weight  of 206,  aoS 

Hip  vertical 103 

Hook  bolts .^ 537 

Howe  truss  bridge .' 107 

Cost  of 44J 

Strewesin 73,81 
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Pais 

Howe  truw,  Timber  355,  363 

Hub  guards 348 

Icebreaker 3$S-4^7 

Ice,  CruBhing  strength  of 337 

Impact 118,  415, 4«9,  479 

on  arches 415 

formulas 231 

Impact  stresses 193,318,  330 

Indirect  splices 473 

Influence  diagrams. 36,  37,  38,  40,  41,  43,  413 

Influence  diagrams  for  arches 413 

Initial  stresses 4S 

ction  of  concrete  structure* 458 


Inspectioi 
Fidd.. 
MiU.. 


Shop 463.  475 

Invoices,  Ship[Hiig 476 

Iron,  Cost  of. 437 

Joints  in  concrete 303,  359.  485 
oistt 103,  466 

Desjgnof 141,  197,333 

Loads  on .I3t,  134,  466,  478 

Timber 368,  466 

Ketchum's  specifications  for  concentrated 
live  loads I30,  123,  134,  467,  478 

specifications  for  impact 119,469,479 

Knots,  Definitions  for 366 

K-truss  bridge 107 

Stresses  tn 95 


47" 


Laciim  bars 

Laitance 450 

Lag  screws 364,537 

Laminated  i>lank  floor 132,  135,  136 

Lateral  bracing 465 

connections 345,  534,  535 

pins-    - .  ■ ■  345.  5i9 


system.  Stresses  ir 
Launhardt  formula. . 
Laying  masonry 

Leads 


.  .46,  191, : 


compresmon  members < 

span  of  arches 113,401,. 

span  of  concrete  bridges. . 


Liability  insurance. . 

for  accidents ^ 

Liens 4 

Live  loads tt8,  119,  I30,  467,  ^ 

on  arches 414,  477, 4 

Live  loads,  Concentrated I 

on  electric  railway  bridges 1 

on  highway  bridges, 

34.  '34.  181,  183,  3i8,  369,  467,  4 

on  railway  bridges 1 

on  timber  bridges 3 

Loads 1 


EX.  543 

Loads,  Canc«atrated 119,130 

Live,  see  "Live  loads." 

Moving 30,  31 

&10W 135 

Wind 125,  468,  479 

on  arches 414,  477,  483 

on  bridges  (also  see  live  loads  and  wind 

loads) 35,  34,  181,  183 

on  pies 369,  367,  487 

on  slabs 393,  478 

on  stringers I3i,  134,  466,  479 

Lomas  nuts 345,  518 

Long  wpan  bridges 470 

rivets 471 

Longitudinal  forces 468,  479 

strut 365 

Loop  bars 335,  515 

Low  truss  bridge .  .104,  105,  106,  177,  268,  470 

Deagn  of 177-204 

Wei^tsof 114,  iSo,  1S3,  184 

Low  water  brieves 3<5i,  363 

Lumber,  Cost  of 448 

Estimate  of 436 

Map  of  bridge  site 424 

Masonry  abutments, 

335.  330.  331.  335.  447,  486 

Allowable  pressures  on 306,  307 

piefs 335-338.  486 

retammg  walls 308,  315,  486 

Specific  gravity  of 307 

Specifications  tor 488 

Strength  of 307 

Weight  of ; 307 

Material,  Cost  of 437 

Manmum  diameter  of  rivets 471 

Manmum  fkrarbeam  reaction 35,  40 

Maximum  moment  in  a  beam 30,  21,  37 

in  a  truss 37,  40 

Maximum  shear  in  a  beam 33,  38 

in  a  truss 38 

Metal,  Minimum  thiclcness  of 334,  471 

Mill  inspection 47s 

details.  Cost  of 439 

orders 439 

Minimum  penetration  of  piles 369,  487 

thickness  of  metal 334,  471,  487 

Mixing  concrete 451,  484 

Moments 17,  IQ,  30 

Algebraic 30 

Graphic 4,  1 3,  16,  31 

in  a  beam so,  31,  37 

of  forces 4,  9 

in  plate  girders 159, 163 

Moment  diagram 43 

table 45 

Moving  loads,  see  "Concentrated  loads" 
Multiplication  table 538 

Nails,  Strength  of 364 

Net  section 469 

Non-concurrent  forces 9 

Notation  for  arches 401 
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Notation  for  piles 366 

reinforced  coDcrete 377 

retaining  walls 295,  307 

timber 264 

Nuts,  Lomaa 245,  518 

Pilot 246 

Sleeve 235 

OHong  steel  pier 341 

Overflow  bridge 361 

Packing  block 265 

Bpoor 265 

paint  for  bridge 352,  444,  476 

Paint  specifications 253,  476 

Painting 251 

CoBt  of 443,  444 

Field 476 

Shop 475 

timber 373 

Panel  length 315,229 

Parker  truss  bridge 109 

Patented  construction 430 

Pedestals 303,  346,  472 

Pedestal  abutment 335 

Cast  iron 303 

piera 339 

Petit  truss,  Stresses  in 75,  93,  94,  107 

Piers,  Bridge 333 

Concrete 335-338 

Design  of 326,  486 

Masonry 335-338 

Oblong  steel 34t 

Pedestal * 339 

Sinking 338 

Specifications  for 486 

Tubular  steel 340,  341,342,  343,  487 

Pile  driver 459 

trestle 255,  357,  365,  376 

f^les 265,  366,  486 

Definitions  of 266 

Driving 367,  371,  449,  459 

Loads  on 369,  367,  487 

Penetration  of 369,  487 

Reinforced  concrete 367 

Safe  load  on 269,  367,  4S7 

Specifications  for 371,  367,  459,  486 

in  tubular  piers 340,  4SS 

Pilot  nuts 246,  474 

point 346,  474 

Pins 345,  473,  474,  S18,  530,  531 

Bearing  on 469,  530 

Bending  in 469,  531 

Cost  of 441 

Cotter 345,  518 

Design  of 54,  225,  469 

holes 474 

Lateral 345,  518 

plates 472 

Shear  in 54,  469 

Stresses  in 54,469 

W  eight  of 434 

Pin-connected  truss 177,  306,  315 


Pipe  culverts 388,  389.  39J 

P"*)™" 392 

Concrete 393 

Com^ted 389.  3W 

Cost  of 450 

Riveted 389,  393 

Stresses  in 384,  387 

Fitch  of  nvets 243,  244,  471 


reinforcing  steel 449 

Plank  floor 133,  466 

Creoeoted 137 

Distribution  of  loads  on 121,  [14 

Laminated 133.  135.137 

Plans,  Bndge 425 

Deaipi 426 

Plate  girder 110,  157,  165,  167.470 

Camber  of 164 

Desien  of 162,  171,  469,470 

End  Dcarings  for 175 

Flanpes  in.     158,  162.  470 

Floorbeams  for -. .   169 

Btiffeners 163,  470 

Streasesin  159,  163,170 

Thickness  of  web  of 158 

Web  splice  of 163,  172 

Weight  of 115,  116,  117,  167 

Plates,  Batten 240,  471 

204,  227,  247,  359.  360,  474,  481,  487 

Cost  of 437 

Pointing  masonry 488 

Portland  cement 483 

Portal 103 

DcMgn  of 319,  333 

Stresses  in. 48,51.99 

Pratt  truss.  Stresses  ir 


30'.  306,  313.  327,486 

on  culverts 383 

on  masonry 306 

on  retaining  walls 295 

in  trenches 383 

Principles  of  desi^  of  retaining  waits, 

^  ,  303.313,486 

Proposals 430 

Proportions  of  arches 483 

of  girders  and  trusses 229 

of  paint.. 353.444 

tor  concrete. .. ." 484.487 

Protection  of  overhead  bridgea 231 

Punching 473 

shear 123,  292,  474,  481 

Radius  of  gyration  of  angles. 

495.  496.  497,  lot 

of  sections 538 

Railing 269, 465 

„  fcrnw ■ 454.  4SS 

Railway  plate  girder. . 


Painting. . 


34 
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Rankine's  theory 296 

Repose,  Angle  of 29S,  306,  486 

Reaming 473 

Reinforced  concrete. 

AbQtmentB 331-335 

Allowable  stresses  in  arch 291,  4S3 

arch 275 

arch  culverts 397,  400 

beams 277.283 

Bondatresain 388,393,480,482 

columns 386,481,  48a 

culverts 485 

Diagonal  tension  in 289,  481,  483 

Flexure  and  direct  stress  in 285 

floor  ^bs 130,  394-398,  466 

pien 335.339.486 

piles 367 

pile  trestle 376,  367 

retaining  wall 309,  486 

Shear  in 288,  292,  481,  482 

dab 168,345 

Stresses  in 277,  391,  483 

Stirrups  In 389,  293,  483 

T-beams 281,  393,  481 

Wedge-shaped  beams 314 

Working  stresses 391,  48a 

Reinforced  concrete  bridges 345,  477 

Camber  in 477 

Cantilever 364 

Classes  of 373,  477 

Continuous 363 

Construction  of 451,  485 

-  Deck  girder 354 

Impact  In 119,  479 

Inspection  of 458 

Length  of  span  of 480 

Loads  on 477 

Slab 345 

Specifications  for,  see  "Specifica- 


"T-beam 346, 

"Through  girder 354,  367, 

„  .  ,  Types  of. ...    273, 

Reiniorcement  m  arches 417, 

Coat  of 448, 

for  floor  slabs 

Placing 458, 

Spacing 

for  temperature 293,  481, 

Reinforcing  steel 448, 

Resolution  (see  algebraic  resolution  and 
graphic  resolution). 

Resolution  of  shear 

Retaining  walls 395,  307,  310,  455, 

Design  of 295-3<»> 

Forms  for 

Pressures  on 295-300, 

Types  of 477, 

Rib  shortening  of  arches 409, 

Rigid  frames,  Stresses  in 385,  386, 

Rivet  heads.  Weight  of 

holes 

spacing,  Table  for 538, 


370 


Rivets 345 

Areas  to  be  deducted 530 

Bearing  on 469,  527 

Conventional  signs  for 244 

Driving 463,  474,  476 

Edge  distance 471 

Field 475.476 

Flange 470,  473 

Gage  of 243,  509.  523 

Length  of 526 

Lon|- 471 

Maximum  diameter  of 471 

Pitch  of 244,  471 

Hate  girder 160,  161 ,  163 

Proportions  of 243,  522 

Shear  on 469,  537 

Size  of 473 

Standards  for 243,  523,  533,  534,  525 

Stresses  in 469,  527 

Riveted  connections 63 

highway  bridge 307 

pipe  culverts 389,  392 

trusses 177,  306 

tension  members 235,  469,  472 

Rise  of  arch 401 

Roadway 477 

Width  of 113.268 

Rocker  bearing 358,  359 

Rocker  pockets 360,  481 

Rockets 248,  469 

Cast  iron 203,  336,  348,  472 

Expension 481 

Rolled  beams 471 

Rollers 66,  247,  472,  474 

Segmental 347,  361 

Stresses  in 66,  469 

Rubble  concrete 485 


Sand 

Cost  of 

Weight  of 

Sash  brace 

Schneider's  specifications 331, 

Semi-fluid 

Segmental  rollers 247, 

Shear  in  beams 17,  19,  33,38, 


483 


-  pins ,S4,  469 

in  plate  girders 159,  163,469 

polj^on 32 

in  reinforced  concrete, 

370.  37>.  374.  378.  379 
reinforcement 481 


Shearing  stress 388,393,  482,  ; 

Shoe,  Bridge 346,  4 

Shop  costs.  See  "Costs." 

Shop  inspKtion 463,  4 

painting 4 

plans 4 
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546  INDI 

Sill 265,  371 

Siie  of  rivets 473 

timben 271 

Skew  bridge 47 

Slabbridget 273,345 

Continuous 393 

Deeign  of  , .  153,  168, 117,  293,  368,  370,  480 

Floor 129,  153,  349,  48a 

Sleeve  nuU 335,  517 

Snow  loads laS 

Spacing  of  lacing  bars 472 

of  reinforcing  t>ars 390,  293,  480 

of  stirrups 392,  481 

of  trusses 465 

Span  of  arch 401,  480 

of  concrete  girders 293,  480 

Span  length 393,  465,  480 

Spikes 133,  37a 

Splices,  tndirect 472 

Splices 472 

Specifications.   . 

Cooper's. ._ 333 

Engineering  Institute  of  Canada 233 

Iltinois  Hi^way  Commission 333 

Iowa  Highway  Commis^n 234 

for  arches : . . .  418 

bituminous  wearing  surface 139 

concentrated  loads 120,  I32 

concrete  bridces 346,  349,  351,  477 

creosoted  timber  floor 137 

floor  slabs 129,  478 

a  highway  bridge 430 

im|»ct 118 

laminated  floor 135 

laying  creosoted  blocks 138 

live  loads 124 

masonry 488 

paint 252,  476 

pie« 271.367,459 

Portland  cement 483 

reinforcing  steel 484 

reinforced  concrete 477 

reinforced  concrete  piles 367 

steel 232,  473 

Specifications  for  steel  bridges 465 

timber  bridges 366 

timber 473 

tubular  piers 340,  487,  488 

Stability  of  abutments 323 

retaining  walls 301 

Standard  connections 531,  532 

Standard  upsets 235 

Standards  tor  riveting 522,  523,  534,  536 

Starred  angles 501 

Steel,  Allowable  stresses  in.  .370,  390,  469,  4S3 

Steel  bridges.  Erection  of 459,  476 

Types  of 113 

Weight  of 433 

Width  of 114,  465 

Steel  castings 474 

Cost  of 437 

joists 466 

Specifications  for Z33,  473 


Steel  Btiffeners 163,  470^473 

stirrupa 393,  373,  380,  481,  481 

stnngers,. 

121, 134,  141,  217,  365,  441,  466,  479 

trestle 1 10.  465 

Weight  paid  for 475 

Stone,  Cost  of  broken 44S 

Dressing 488 

Stress  in  Mrs  due  to  weight 60 

Impact Its,  330,  469,  479 

Kinds  of 36,  330 

Stresses,  Alternate 469 

Combined 56,  470 

in  arches 403,  405,  408,  418,  483 

Baltimore  truss 75,  87,  183 

beams '7.  23 

box  culvert* 384, 387 

bridge  trusses 25,  69 

camel-back  truss 73,  89,  91 

cast  iron 270,  469,  481 

centrifugal 231,  468,  479 

in  circular  pipe 384.387 

culverts 384,  387 

eccentric 62 

in  end  post S7 

Howe  truss .73,  81 

high  truss 218 

initial 48 

in  K-tniss 93 

lateral  systems 46 

low  truss  bridge 191, 193 

^te  girders 159,  163,  170 

Petit  truss 75,  93.  94 

m»  ■ M 

Ktals 48,  99 
tt  truss 28,  71,  81,91,  95,  97 

railway  bridge 34 

reinforced  concrete,  see  "Reinforced 
concrete,  stresses." 

Stress  due  to  rib  shortening 409 

in  rigid  frames 385.  386,  387 

rollers 66 

stirrups 293,  373,  382 

Temperature 231,  479 

in  timber 264,  270,  466 

transverse  bent lOI 

trestle  bent 99 

two-hinged  arch 403 

Warren  truss 37,  71,  77,  79,  83 

Wedge  dhaped  beam 314 

Whipple  truss 85 

Stresses,  Wind 125,  470 

Stringer 265,  466 

Cost  of 441 

De^gnof 121,  141,  217 

Load  on 121,  134,  466,  479 

Timber 142,  466 

Steel 14".  466 

Stub  ends 536 

Suspension  bridge ii3 

Supervidon 430 

Surveys,  Bridge 423 

Sway  Draces 265,  372 
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